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At the meeting of the British Association in 
Glasgow, in 1840, I had the honour to present the 
first part of a report on the then present state of 
Organic Chemistry, in which I endeavoured to de- 
velope the doctrines of this science in their bearing 
on Agriculture and Physiology. 

It affords me now much gratification to be able 
to communicate to the meeting of the Association 
for the present year the second part of my labours ; 
in which I have attempted to trace the application 
of Organic Chemistry to Animal Physiology and 
Pathology. 

In the present work an extensive series of phe- 
nomena have been treated in their chemical rela- 
tions; and although it would be presumptuous to 
consider the questions here raised as being definitely 
resolved, yet those who are familiar with chemistry 
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will perceive that the only method which can lead 
to their final resolution, namely, the qtiantitative me- 
thod, has been employed. 

The formulae and equations in the second part, 
therefore, although they are not to be viewed as 
ascertained truths, and as fiimishing a complete, or 
the only explanation of the vital processes there 
treated of, are yet true in this sense : that being 
deduced from facts by logical induction, they must 
stand as long as no new facts shall be opposed to 
them. 

When the chemist shews, for example, that the 
elements of the bile, added to those of the urate 
of ammonia, correspond exactly to those of blood, 
he presents to us a fact which is independent of all 
hypothesis. It remains for the physiologist to de- 
termine, by experiment, whether the conclusions 
drawn by the chemist from such a fact be accurate 
or erroneous. And whether this question be an- 
swered in the aflfirmative or in the negative, the fact 
remains, and will some day find its true explana- 
tion. 

I have now to perform the agreeable duty of 
expressing my sense of the services rendered to me 
in the preparation of the English edition by my 
friend Dr. Gregory. The distinguished station he 
occupies as a chemist ; the regular education which 
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he has received in the various branches of medicine ; 
and his intimate acquaintance with the German 
language-— all these, taken together, are the best 
securities that the translation is such as to convey 
the exact sense of the original ; securities, such as 
are not often united in the same individual. 

It is my intention to follow this second part with 
a third, the completion of which, however, cannot 
be looked for before the lapse of two years. This 
third part will contain an investigation of the food 
of man and animals, the analysis of all articles of 
diet, and the study of the changes which the riaw 
food undergoes in its preparation ; as, for example, 
in fermentation (bread), baking, roasting, boiling, &c. 
Already, it is true, many analyses have been made 
for the proposed work ; but the number of objects 
of investigation is exceedingly large, and in order 
to determine with accuracy the absolute value of 
seed, or of flour, or of a species of fodder, &c., as 
food, the ultimate analysis alone is not sufficient ; 
there are required comparative investigations, which 
present very great difficulties. 

Db. JUSTUS LIEBIG. 

GiBSSEN, 

ZrdJune, 1842. 
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NOTE. 

I would beg leave to refer the chemical as 

well as the physiological reader particularly to the 

analyses (in Note (27), Appendix) of the animal 

^ tissues^ which ought to have been referred to on 

pages 43 and 126, and which at present are only 
referred to in Note (7). Since the work was 
printed, moreover, there has been added, at the end 
of the Appendix, an interesting paper by Keller 
(see page 325), confirming the very important ob- 
servation of A. Ure, junior, as to the conversion of 
benzoic acid into hippuric acid in the human body; 
a fact which I perceive, by the Philosophical Maga- 
zine for June, has also been confirmed by Mr. Gar- 
rod, probably at an earlier period than by M. Keller. 
The reader will perceive that this fact strengthens 
materially the argument of the Author on the 
action of remedies. 

W. G. 
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PREFACE. 



By the application to Chemistry of the methods 
which had for centuries been followed by philoso- 
phers in ascertaining the causes of natural pheno- 
mena in physics — by the observation of weight and 
measure — Lavoisier laid the foundation of a new 
science, which, having been cultivated by a host of 
distinguished men, has, in a singularly short period^ 
reached a high degree of perfection. 

It was the investigation and determination of all 
the conditions which are essential to an observation 
or an experiment, and the discovery of the true 
principles of scientific research, that protected 
chemists from error, and conducted them, by a way 
equally simple and secure, to discoveries which have 
shed a brilliant light on those natural phenomena 
which were previously the most obscure and incom- 
prehensible. 

The most useful applications to the arts, to 
industry, and to all branches of knowledge related 
to chemistry, sprung from the laws thus established ; 
and this influence was not delayed till chemistry 
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had attained its highest perfection, but came into 
action with each new observation. 

All existing experience and observation in other 
departments of science reacted, in like manner, on 
the improvement and developement of chemistry; 
so that chemistry received from metallurgy and 
from other industrial arts as much benefit as she 
had conferred on them. While they simultaneously 
increased in wealth, they mutually contributed to 
the developement of each other. 

After mineral chemistry had gradually attained 
its present state of developement, the labours of 
chemists took a new direction. From the study 
of the constituent parts of vegetables and animals, 
new and altered views have arisen ; and the present 
work is an attempt to apply these views to physio- 
logy and pathology. 

In earlier times the attempt has been made, and 
often with great success, to apply to the objects of 
the medical art the views derived from an acquaint- 
ance with chemical observations. Indeed, the great 
physicians, who lived towards the end of the seven- 
teenth century, were the founders of chemistry, and 
in those days the only philosophers acquainted with 
it. The phlogistic system was the dawn of a new 
day; it was the victory of philosophy over the 
rudest empiricism. 
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With all its discoveries, modem chemistry has 
performed but slender services to physiology and 
pathology; and we cannot be deceived as to the 
cause of this failure, if we reflect that it was found 
impossible to trace any sort of relation between the 
observations made in inorganic chemistry, the know- 
ledge of the characters of the elementary bodies aad 
of such of their compounds as could be formed in 
the laboratory, on the one hand, and the living 
body, with the characters of its constituents, on the 
other. 

Physiology took no share in the advancement of 
chemistry, because for a long period she received 
from the latter science no assistance in her own 
developement. This state of matters has been 
entirely changed within five-and-twenty years. But 
during this period physiology has also acquired new 
ways and methods of investigation within her own 
province ; and it is only the exhaustion of these 
sources of discovery which Has enabled us to look 
forward to a change in the direction of the labours 
of physiologists. The time for such a change is now 
at hand ; and a perseverance in the methods lately 
followed in physiology would now, from the want, 
which must soon be felt, of fresh points of departure 
for researches, render physiology more extensive, 
but neither more profound nor more solid. 
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No one will venture to maintain, that the know- 
ledge of the fonns^ and of the phenomena of motion 
in organized beings is either unnecessary or unprofit- 
able. On the contrary, this knowledge must be 
considered as altogether indispensable to that of the 
vital processes. But it embraces only one class of 
the conditions necessary for the acquisition of that 
knowledge, and is not of itself sufficient to enable 
us to attain it. 

The study of the uses and functions of the diffe- 
rent organs, and of their mutual connection in the 
animal body, was formerly the chief object of physi- 
ological researches ; but lately this study has fallen 
into the back-ground. The -greater part of all the 
modem discoveries has served to enrich comparative 
anatomy far more than physiology. 

These researches have yielded the most valuable 
results in relation to the recognition of the dissimi- 
lar forms and conditions to be found in the healthy 
and in the diseased •organism ; but they have 
yielded no conclusions calculated to give us a more 
profound insight into the essence of the vital pro- 
cesses. 

The most exact anatomical knowledge of the 
structure of the tissues cannot teach us their uses ; 
and from the microscopical examination of the most 
minute reticulations of the vessels we can learn no 



• • • 



PREFACE. Xlll 

more as to their functions than we have learned 
concerning vision from counting the sur£Eu;es on the 
eye of the fly. The most beautiful and elevated 
problem for the human intellect, the discovery of 
the laws of vitality, cannot be resolved, nay, cannot 
even be imagined, without an accurate knowledge 
of chemical forces ; of those forces which do not act 
at sensible distances ; which are manifested in the 
same way as those ultimate causes by which the 
vital phenomena are determined ; and which are 
invariably found active, whenever dissimilar sub- 
stances come into contact. 

Physiology, even in the present day, still endea- 
vours, but always after the fashion of the phlogistic 
chemists (that is, by the qualitative method), to 
apply chemical experience to the removal of diseased 
conditions ; but with all these countless experi- 
ments we are not one step nearer to the causes and 
the essence of disease. 

Without proposing well-defined questions, experi- 
menters have placed blood, urine, and all the consti- 
tuents of the healthy or diseased frame, in contact 
with acids, alkalies, and all sorts of chemical re- 
agents; and have drawn, from observation of the 
changes thus produced, conclusions as to their 
behaviour in the body. 
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By pursuing this method, useful remedies or 
modes of treatment might by accident be disco- 
vered ; but a rational physiology cannot be founded 
on mere re-actions, and the living body cannot be 
viewed as a chemical laboratory. 

In certain diseased conditions, in which the 
blood acquires a viscid consistence, this state cannot 
be permanently removed by a chemical action on 
the fluid circulating in the blood-vessels. The 
deposit of a sediment from the urine may, perhaps, 
be prevented by alkalies, while their action has not 
the remotest tendency to remove the cause of 
disease. Again, when we observe, in typhus, inso- 
luble salts of ammonia in the faeces, and a change 
in the globules of the blood similar to that which 
may be artificially produced by ammonia, we are 
not, on that accoimt, entitled to consider the pre- 
sence of ammonia in the body as the cause, but 
only as the effect of a cause. 

Thus medicine, after the fashion of the Aristote- 
lian philosophy, has formed certain conceptions in 
regard to nutrition and sanguification ; articles of 
diet have been divided into nutritious and non- 
nutritious ; but these theories, being founded on 
observations destitute of the conditions most essen- 
tial to the drawing of just conclusions, could not be 
received as expressions of the truth. 
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How clear are now to us the relations of the 
different articles of food to the objects which they 
serve in the body, since organic chemistry has 
applied to the investigation her qtuintitative method 
of research! 

When a lean goose, weighing 4 lbs., gains, in 
thirty-six days, during which it has been fed with 
24 lbs. of maize, 5 lbs. in weight, and yields S^lbs. of 
pure fat, this fat cannot have been contained in the 
food, ready formed, because maize does not contain 
the thousandth part of its weight of fat, or of any 
substance resembling fat. And when a certain 
number of bees, the weight of which is exactly 
known, being fed with pure honey, devoid of wax, 
yield one part of wax for every twenty parts of 
honey consumed, without any change being percep- 
tible in their health or in their weight, it is impossi- 
ble any longer to entertain doubt as to the forma- 
tion of fat from sugar in the animal body. 

We must adopt the method which has thus led to 
the discovery of the origin of fat, in the investiga- 
tion of the origin and alteration of the secretions, as 
well as in the study of all the other phenomena of 
the animal body. From the moment that we begin 
to look earnestly and conscientiously for the true 
answers to our questions, that we take the trou- 
ble, by means of weight and measure, to fix our 
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observations, and express them in the form of 
equations, these answisrs are obtained without diffi- 
culty. 

However numerous our observations may be, yet, 
if they only bear on one side of a question, they 
will never enable us to penetrate the essence of a 
natural phenomenon in its full significance. If we 
are to derive any advantage from them, they must 
be directed to a well-defined object; and there 
must be an organized connection between them. 

Mechanical philosophers and chemists justly 
ascribe to their methods of research the greater 
part of the success which has attended their labours. 
The result of every such investigation, if it bear in 
any degree the stamp of perfection, may always be 
given in few words ; but these few words are eter- 
nal truths, to the discovery of which numberless 
experiments and questions were essential. The 
researches themselves, the laborious experiments 
and complicated apparatus, are forgotten as soon as 
the truth is ascertained. They were the ladders, 
the shafts, the tools, which were indispensable to 
enable us to attain to the rich vein of ore ; they 
were the pillars and air passages which protected 
the mine from water and from foul air. 

Every chemical or physical investigation, how- 
ever insignificant, which lays claim to attention, 
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must in the present day possess this character. 
From a certain number of observations it must 
enable us to draw some conclusion, whether it be 
extended or limited. 

The imperfection of the method or system of 
research adopted by physiologists can alone explain 
the fact, that for the last fifty years they have esta* 
blished so few new and solid truths in regard to a 
more profound knowledge of the ftmctions of the 
most important organs, of the spleen, of the liver, 
and of the numerous glands of the body ; and the 
limited acquaintance of physiologists with the me- 
thods of research employed in chemistry will con- 
tinue to be the chief impediment to the progress of 
physiology, as well as a reproach which that science 
cannot escape. 

Before the time of Lavoisier, Scheele, and 
Priestley, chemistry was not more closely related 
to physics than she is now to physiology. At the 
present day chemistry is so fused, as it were, into 
physics, that it would be a difficult matter to draw 
the line between them distinctly. The connection 
between chemistry and physiology is the same, and 
in another half-century it will be found impossible 
to separate them. 

Our questions and our experiments intersect in 
numberless curved lines the straight line that leads 

h 
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to truth. It is the points of intersection that indi- 
cate to us the true direction ; but, owing to the 
imperfection of the liuman intellect, these curve 
lines must be pursued. Observers in chemistry and 
physios have the eye ever fixed on the object which 
they seek to attain. One may succeed, for a space, 
in following the direct line ; but all are prepared for 
circuitous paths. Never doubting of the ultimate 
success of their efforts, provided they exhibit con- 
stancy and perseverance, their eagerness and cou- 
rage are only exalted by difficulties. 

Detached observations, without connection, are 
points scattered over the plain, which do not allow 
us to choose a decided path. For centuries chemis- 
try presented nothing but these points, and sufficient 
means were available to fill up the intervals be- 
tween them. But permanent discoveries and real 
progress wei© only made when chemists ceased to 
make use of fancy to connect them. 

My object in the present work has been to direct at- 
tention to the points of intersection of chemistry with 
physiology, and to point out those parts in which 
the sciences become, as it were, mixed up together. 
It contains a collection of problems, such as chemistry 
at present requires to be resolved ; and a number 
of conclusions drawn according to the rules of that 
science from such observations as have been made. 
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These questions and problems will be resolved : 
and we cannot doubt that we shall have in that case 
a new physiology and a rational pathology. Our 
sounding line, indeed, is not long enough to mea- 
sure the depths of the sea, but is not on that 
account less valuable to us : if it assist us, in the 
mean time, to avoid rocks and shoals, its use is suf- 
ficiently obvious. In the hands of the physiologist, 
organic chemistry must become an intellectual 
instrument, by means of which he will be enabled 
to trace the causes of phenomena invisible to the 
bodily sight ; and if among the results which I 
have developed or indicated in this work, one alone 
shall admit of a useful application, I shall consider 
the object for which it was written as fiiUy attained. 
The path which has led to it will open up other 
paths ; and this I consider as the most important 
object to be gained. 

JUSTUS LIEBIG. 



Gi ESSEN, April, 1842. 
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ORGANIC CHEMISTRY 



APPLIED TO 



PHYSIOLOGY AND PATHOLOGY. 



I. In the animal ovum, as well as in the seed of 
a plant, we recognize a certain remarkable force, the 
source of growth, or increase in the mass, and of re- 
production, or of supply of the matter consumed ; a 
force in a state of rest. By the action of external in- 
fluences, by impregnation, by the presence of air and 
moisture, the condition of static equilibrium of this 
force is disturbed ; entering into a state of motion or 
activity, it exhibits itself in the production of a series 
of forms, which, although occasionally bounded by 
right lines, are yet widely distinct from geometrical 
forms, such as we observe in crystallised minerals. 
This force is called the vital force^ vis vit(B or vitality. 

The increase of mass in a plant is determined by 
the occurrence of a decomposition which takes place 
in certain parts of the plant under the influence of 
light and heat. 

In the vital process, as it goes on in vegetables, 
it is exclusively inorganic matter which undergoes 
this decomposition ; and if, with the most distin- 

B 
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guished mineralogists, we consider atmospherical 
air and certain other gases as minerals, it may be 
said that the vital process in vegetables accom- 
plishes the transformation of mineral substances into 
an organism endued with life ; that the mineral be- 
comes part of an organ possessing vital force. 

The increase of mass in a living plant implies that 
certain component parts of its nourishment become 
component parts of the plant ; and a comparison of 
the chemical composition of the plant with that of 
its nourishment makes known to us, with positive 
certainty, which of the component parts of the latter 
liave been assimilated, and which have been rejected. 

The observations of vegetable physiologists and 
the researches of chemists have mutually contri- 
buted to establish the fact, that the growth and 
developement of vegetables depend on the elimi- 
nation of oxygen, which is separated from the other 
component parts of their nourishment. 

In contradistinction to vegetable life, the life of 
animals exhibits itself in the continual absorption 
of the oxygen of the air, and its combination with 
certain component parts of the animal body. 

While no part of an organised being can serve as 
food to vegetables, until, by the processes of putre- 
faction and decay, it has assumed the form of 
inorganic matter, the animal organism requires, 
for its support and developement, highly organised 
atoms. The food of all animals, in all circum- 
stances, consists of parts of organisms. 
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Animals are distinguiBhed from vegetablefl by the 
faculty of locomotion, and, in general, by the poases- 
Bion of senBOS. 

The existence and activity of thcBO distinguighing 
faculties depend on certain instruments which are 
never found in vegetables. Comparative anatomy 
shewB, that the phenomena of motion and sensation 
depend on certain kinds of apparatus, which have 
no other relation to each other than this, that they 
meet in a common centre. The substance of the 
spinal marrow, the nerves, and the brain, is iu its 
composition, and in its chemical characters, essen- 
tially distinct from that of which cellular substance, 
membranes, muscles, and skin are composed. 

Every thing in the animal organism, to which 
the name of motion can be applied, proceeds from 
the nervous apparatus. The phenomena of motion 
in vegetables, the circulation of the sap, for example, 
observed in many of the characese, and the closing of 
flowers and leaves, depend on physical and mechani- 
cal causes. A plant is destitute of nerves. Heat 
and light are the remote causes of motion in 
vegetables ; but in animals we recognize in the 
nervous apparatus a souroe of power, capable of 
renewing itself at every moment of their existence. 

While the assimilation of food in vegetables, 
and the whole process of their formation, are depen- 
dant on certain external influences which produce 
motion, the developement of the animal organism 
is, to a certain extent, independent of these external 
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influences, just because the animal body can pro- 
duce within itself that source of motion which is 
indispensable to the vital process. 

Assimilation, or the process of formation and 
growth — in other words, the passage of matter from 
a state of motion to that of rest — ^goes on in the 
same way in animals and in vegetables. In both, 
the same cause determines the increase of mass. 
This constitutes the true vegetative life, which is 
carried on without consciousness. 

The activity of vegetative life manifests itself, 
in vegetables, with the aid of external influences; 
in animals, by means of influences produced within 
their organism. Digestion, circulation, secretion, 
are no doubt under the influence of the nervous 
system ; but the force which gives to the germ, the 
leaf, and the radical fibres of the vegetable the 
same wonderful properties, is the same as that 
residing in the secreting membranes and glands of 
animals, and which enables every animal organ to 
perform its own proper fiinction. It is only the 
source of motion that differs in the two great classes 
of organised beings. 

While the organs of the vital motions are never 
wanting in the lowest orders of animals, as in the im- 
pregnated germ of the ovum, in which they are deve- 
loped first of all, we find, in the higher orders of ani- 
mals, peculiar organs of feeling and sensation, of con- 
sciousness and of a higher intellectual existence. 
Pathology informs us that the true vegetative life 
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is in no way dependant on the presence of this 
apparatus ; that the process of nutrition proceeds 
in those parts of the body where the nerves of 
sensation and voluntary motion are paralysed, ex- 
actly in the same way as in other parts where 
these nerves are in the normal condition ; and, on 
the other hand, that the most energetic volition is 
incapable of exerting any influence on the contrac- 
tions of the heart, on the motion of the intestines, 
or on the processes of secretion. 

The higher phenomena of mental existence can- 
not, in the present state of science, be referred 
to their proximate, and still less to their ultimate 
causes. We only know of them, that they exist ; 
we ascribe them to an immaterial agency, and that, 
in so far as its manifestations are connected with 
matter, an agency entirely distinct from the vital 
force, with which it has nothing in common. 

It cannot be denied that this peculiar force ex- 
ercises a certain influence on the activity of vege- 
tative life, just as other immaterial agents, such 
as Light, Heat, Electricity, and Magnetism do ; but 
this influence is not of a determinative kind, and 
manifests itself only as an acceleration, a retarding, 
or a disturbance of the process of vegetative life. 
In a manner exactly analogous, the vegetative life 
reacts on the conscious mental existence. 

There are thus two forces which are found in 
activity together; but consciousness and intellect 
may be absent in animals as they are in living 
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vegetables, without their vitality being otherwise 
affected than by the want of a peculiar source of 
increased energy or of disturbance. Except in 
regard to this, all the vital chemical processes go 
on precisely in the same way in man and in the 
lower animals. 

The efforts of philosophers, constantly renewed, 
to penetrate the relations of the soul to animal life, 
have all along retarded the progress of physiology. 
In this attempt men left the province of philoso- 
phical research for that of fancy ; physiologists, car- 
ried away by imagination, were far from being 
acquainted with the laws of purely animal life. 
None of them had a clear conception of the process 
of developement and nutrition, or of the true 
cause of death. They professed to explain the 
most obscure psychological phenomena, and yet 
they were unable to say what fever is, and in what 
way quinine acts in curing it. 

For the purpose of investigating the laws of vital 
motion in the animal body, only one condition, 
namely, the knowledge of the apparatus which 
serves for its production, was ascertained ; but the 
substance of the organs, the changes which food 
undergoes in the living body, its transformation 
into portions of organs, and its re-conversion into 
lifeless compound^ the share which the atmosphere 
takes in the processes of vitality ; all these founda- 
tions for ftiture conclusions were still wanting. 

What has the soul, what have consciousness and 
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intellect to do with the developenn^it of the human 
fcetus, or the foetus in a fowl's egg? not more, 
surely, than with the derelopement of the seeds of 
a plant. Let us first endeavour to refer to their 
ultimate causes those phenomena of life which are 
not psychological; and let us beware of drawing 
conclusions before we have a groundwork. We 
know exactly the mechanism of the eye; but 
neither ^r^ ^ ehe^r, wiU eJexpl^a 
how the rays of light act on consciousness, so as to 
produce vision. Natural science has fixed limits 
which cannot be passed ; and it must always be 
borne in mind that, with all our discoveries, we 
fidiall never know what light, electricity, and mag- 
netiffloi are in their essence, because, even of those 
things which are material, the human intellect has 
only conceptions. We can ascertain, however, the 
laws which regulate their motion and rest, because 
these are manifested in phenomena. In like man- 
ner, the laws of vitality, and of all that disturbs, 
promotes, or alters it, may certainly be discovered, 
although we shall never learn what life is. Thus 
the discovery of the laws of gravitation and of the 
planetary motions led to an entirely new concep- 
Zn of [he cause of these phenomena. This con- 
ception could not have been formed in all its clear- 
ness without a knowledge of the phenomena out 
of which it was evolved ; for, considered by itself, 
gravity, like light to one bom blind, is a mere 
word, devoid of meaning. 
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The modem science of physiology has left the 
track of Aristotle. To the eternal advantage of 
science, and to the benefit of mankind, it no longer 
invents a horror vacui^ a quinta essentia, in order to 
furnish credulous hearers with solutions and expla- 
nations of phenomena, whose true connection with 
others, whose ultimate cause is still unknown. 

If we assume that all the phenomena exhibited 
by the organism of plants and animals are to be 
ascribed to a peculiar cause, different in its manifes- 
tations from all other causes which produce motion 
or change of condition ; if, therefore, we regard the 
vital force as an independent force, then, in the 
phenomena of organic life, as in all other pheno- 
mena ascribed to the action of forces, we have 
the staticSy that is, the state of equilibrium deter- 
mined by a resistance, and the dynamics, of the vital 
force. 

All the parts of the animal body are produced 
from a peculiar fluid, circulating in its organism, by 
virtue of an influence residing in every cell, in every 
organ, or part of an organ. Physiology teaches that 
all parts of the body were originally blood ; or that 
at least they were brought to the growing organs by 
means of this fluid. 

The most ordinary experience ftirther shews, 
that at each moment of life, in the animal organ- 
ism, a continued change of matter, more or less 
accelerated, is going on ; that a part of the structure 
is transformed into unorganised matter, loses its 
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condition of life, and must be again renewed. Phy- 
siology has sufficiently decisive grounds for the 
opinion, that every motion, every manifestation of 
force, is the result of a transformation of the struc- 
ture or of its substance; that every conception, 
every mental affection, is followed by changes in the 
chemical nature of the secreted fluids ; that every 
thought, every sensation, is accompanied by a change 
in the composition of the substance of the brain. 

In order to keep up the phenomena of life in 
animals, certain matters are required, parts of organ- 
isms, which we call nourishment. In consequence 
of a sdfies of alterations, they serve either for the 
increase of the mass (nutrition), or for the supply of 
the matter consumed (reproduction), or, finally, for 
the production of force. 

II. If the first condition of animal life be the 
assimilation of what is commonly called nourish- 
ment, the second is a continual absorption of oxygen 
from the atmosphere. 

Viewed as an object of scientific research, animal 
life exhibits itself in a series of phenomena, the 
connection and recurrence of which are determined 
by the changes which the food and the oxygen 
absorbed from the atmosphere undergo in the organ- 
ism under the influence of the vital force. 

All vital activity arises from the mutual action 
of the oxygen of the atmosphere and the elements 
of the food. 
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In the processes of nutritioa and reproditctioii, 
we perceive the paasa^ of matter from the state of 
motloa to that of rest (static equilibrhun) ; under 
tiie influence of the nervous system, this mafcter 
enters again into a state of motion. The ultimate 
cause£i of these different conditions of the vital force 
are chemical forces. 

The cause of the state of rest is a resistance, 
determined by a force of attraction (combination), 
which acts between the smallest particles of matter, 
and is manifested only when these are in actual 
contact, or at infinitely small distances^ 

To this peculiar kind of attraction we Ihay of 
course apply different names ; but the chemist calls 
it affinity. 

The cause of the state of motion is to be found 
in a series of changes which the food undergoes in 
the organism, and these are the results of processes 
of decomposition, to which either the food itself, or 
the structures formed from it, or parts of organs, 
are subjected. 

The distinguishing character of vegetable life is a 
continued passage of matter from the state of men- 
tion to that of static equilibrium. While a plant 
lives, we cannot perceive any cessation in its growth ; 
no part of an organ in the plant diminishes in size. 
If decomposition occur,, it is the result of assimila- 
tion. A plant produces within itself no cause of 
motion ; no part of its structure, from any influence 
residing in its organism, loses its state of vitality, 
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and is converted into unorganised^ amorphous com- 
pounds ; in a word, no waste occurs in vegetables. 
Waste, in the animal body, is a change in the state 
or in the composition of some of its parts> and 
consequently is the result of chemical actions. 

The influence of poisons and of remedial agents 
on the living animal body evidently shews that the 
chemical decompositions and combinations in the 
body, which manifest themselves in the phenomena 
of vitality, may be increased in intensity by chemical 
forces of analogous character, and retarded or put 
an end to by those of opposite character ; and that 
we are enabled to exercise an influence on every 
p^ of .a o,g«. b, me^ of »bsto«c« p.««4 
a well-defined chemical action. 

As, in the closed galvanic circuit, in consequence 
of certain changes which an inorganic body, a metal, 
undergoes when placed in contact with an acid, a 
certain something becomes cognizable by our senses^ 
which we <»ll a current of electricity ; so, in the 
animal body, in consequence of transformations and 
changes undergone by matter previously cooostituting 
a part of the organism, certain phenomena of motion 
and activity are perceived, and these we call life, or 
vitality. 

The electrical current manifests itself in cejtain 
pheusOB^na of attraction and repulsion, which it 
excites in other bodies naturally motionless, and by 
the phenomena of the formation and decomposition 
of chemical compounds, which occur everywhere. 
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when the resistance is not sufficient to arrest the 
current. 

It is from this point of view, and from no other, 
that chemistry ought to contemplate the phenomena 
of life. Wonders surround us on every side. The 
formation of a crystal, of an octahedron, is not less in- 
comprehensible than the production of a leaf or of a 
muscular fibre ; and the production of vermilion from 
mercury and sulphur is as much an enigma as the 
formation of an eye from the substance of the blood. 

The first conditions of animal life are nutritious 
matters and oxygen, introduced into the system. 

At every moment of his life man is taking oxygen 
into his system, by means of the organs of respira- 
tion ; no pause is observable while life continues. 

The observations of physiologists have shewn that 
the body of an adult man, supplied with sufficient 
food, has neither increased nor diminished in weight 
at the end of twenty-four hours ; yet the quantity 
of oxygen taken into the system during this period 
is very considerable. 

According to the experiments of Lavoisier, an 
adult man takes into his system, from the atmo- 
sphere, in one year, 746 lbs., according to Menzies, 
837 lbs. of oxygen ; yet we find his weight, at the 
beginning and end of the year, either quite the 
same, or diflfering, one way or the other, by at most 
a few pounds. (1)* 

What, it may be asked, has become of the enor- 

* The Numbers refer to the Appendix. 
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mous weight of oxygen thus introduced, in the 
course of a year into the human system ? 

This question may be answered satisfactorily : no 
part of this oxygen remains in the system ; but it is 
given out again in the form of a compound of carbon 
or of hydrogen. 

The carbon and hydrogen of certain parts of the 
body have entered into combination with the oxygen 
introduced through the lungs and through the skin, 
and have been given out in the forms of carbonic 
acid gas and the vapour of water. 

At every moment, with every expiration, certain 
quantities of its elements separate from the animal 
organism, after having entered into combination, 
within the body, with the oxygen of the atmosphere. 

If we assume, with Lavoisier and Seguin, in 
order to obtain a foundation for our calculation, 
that an adult man receives into his system daily 
32^ oz. (46,037 cubic inches =15,661 grains, French 
weight) of oxygen, and that the weight of the whole 
mass of his blood, of which 80 per cent, is water, is 
24 lbs. ; it then appears, . from the known composi- 
tion of the blood, that, in order to convert the 
whole of its carbon and hydrogen into carbonic acid 
and water, 64,103 grains of oxygen are required. 
This quantity will be taken into the system of an 
adult in four days five hours. (2) 

Whether this oxygen enters into combination 
with the elements of the blood, or with other parts 
of the body containing carbon and hydrogen, in 
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either case the conclusion is inevitable, that the 
body of a man, who daily takes into the system 
82^ oz. of oxygen, must receive daily in the shape 
of nourishment, as much carbon and hydrogen as 
would suffice to supply 24 lbs. of blood with these 
elements ; it being presupposed that the weight of 
the body remains unchanged, and that it retains its 
normal condition as to health. 

This supply is Aimished in the food. 

From the accurate determination of the quantity 
of carbon daily taken into the system in the food, 
as well as of that proportion of it which passes out 
of the body in the &eces and urine, unbumed, that 
is, in some form in which it is not combined with 
oxygen, it appears that an adult, taking moderate 
exercise, consumes 13*9 oz. of carbon daily. (3) 

These 13-ft oz. of carbon escape through the skin 
and lungs as carbonic acid gas. 

For conversion into carbonic acid gas, 13-?jf oz. 
of carbon require 37 oz. of oxygen. 

According to the analyses of Boussingault (Ann. 
de Ch. et de Ph. LXXI. p. 136) a horse consumes 
in twenty-four hours 97^ oz. of carbon, a milch 
cow 69-^(r oz. The quantities of carbon here men- 
tioned are those given off from the bodies of these 
animals in the form of carbonic acid ; and it appears 
from them that the horse consumes, in converting 
carbon into carbonic acid, 13 lbs. 3^ oz. in twenty- 
four hours, and the milch cow 11 lbs. lOf oz. of 
oxygen in the same time. (4) 
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Since no part of the oxygen taken into the sys- 
tem is again given off in any other form but that 
of a compound of carbon or hydrogen ; since fur- 
ther, the carbon and hydrogen given off are re- 
placed by carbon and hydrogen supplied in the 
food, it is clear that the amount of nourishment 
required by the animal body must be in a direct 
ratio to the quantity of oxygen taken into the 
system. 

Two animals, which in equal times take up by 
means of the lungs and skin unequal quantities of 
Oxygen, consume quantities of the same nourish- 
ment which are imequal in the same ratio. 

The consumption of oxygen in equal times may 
be expressed by the number of respirations; it is 
clear that, in the same individual, the quantity of 
nourishment required must vary with the force and 
number of the respirations. 

A child, in whom the organs of respiration are 
naturally very active, requires food oftener than an 
adult, and bears hunger less easily. A bird, deprived 
of food, dies on the third day, while a serpent, 
with its sluggish respiration, can live without food 
three months and longer. 

The number of respirations is smaller in a state 
of rest than during exercise or work. The quan- 
tity of food necessary in both conditions must vary 
in the same ratio. 

An excess of food is incompatible with deficiency 
in respired oxygen, that is, with deficient exercise ; 
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just as violent exercise, which implies an increased 
supply of food, is incompatible with weak diges- 
tive organs. In either case the health suflfers. 

But the quantity of oxygen inspired is also af- 
fected by the temperature and density of the atmos- 
phere. 

The capacity of the chest in an animal is a con- 
stant quantity. At every respiration a quantity of 
air enters, the volume of which may be considered as 
uniform ; but its weight, and consequently that of the 
oxygen it contains, is not constant. Air is expanded 
by heat, and contracted by cold, and therefore equal 
volumes of hot and cold air contain unequal weights 
of oxygen. In summer, moreover, atmospherical 
air contains aqueous vapour, while in winter it is 
dry ; the space occupied by vapour in the warm air 
is filled up by air itself in winter ; that is, it con- 
tains, for the same volume, more oxygen in winter 
than in summer. 

In summer and in winter, at the pole and at the 
equator, we respire an equal volume of air ; the cold 
air is wanned during respiration, and acquires the 
temperature of the body. To introduce into the 
lungs a given volume of oxygen, less expenditure of 
force is necessary in winter than in summer ; and for 
the same expenditure of force, more oxygen is in- 
spired in winter. 

It is obvious, that in an equal number of respira- 
tions we consume more oxygen at the level of the 
sea than on a mountain. The quantity both of 
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oxygen inspired and of carbonic acid expired, must 
therefore vary with the height of the barometer. 

The oxygen taken into the system is given out 
again in the same forms, whether in summer or 
in winter; hence we expire more carbon in cold 
weather, and when the barometer is high, than we 
do in warm weather ; and we must consume more 
or less carbon in our food in the same proportion ; 
in Sweden more than in Sicily ; and in our more 
temperate climate a fiiU eighth more in winter 
than in summer. 

Even when we consume equal weights of food in 
cold and warm countries, infinite wisdom has so 
arranged, that the articles of food in different cli- 
mates are most unequal in the proportion of carbon 
they contain. The fruits on which the natives of 
the south prefer to feed do not in the fresh state 
contain more than 12 per cent, of carbon, while the 
bacon and train oil used by the inhabitants of the 
arctic regions contain from 66 to 80 per cent, of 
carbon. 

It is no difficult matter, in warm climates, to 
study moderation in eating, and men can bear hun- 
ger for a long time under the equator; but cold 
and hunger united very soon exhaust the body. 

The mutual action between the elements of the 
food and the oxygen conveyed by the circulation 
of the blood to every part of the body is the source 

OF ANIMAL HEAT. 
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III. All living creatures, whose existence depends 
on the absorption of oxygen, possess within them- 
selves a source of heat independent of surrounding 
objects. 

This truth applies to all animals, and extends, 
besides, to the germination of seeds, to the flower- 
ing of plants, and to the maturation of fruits. 

It is only in those parts of the body to which 
arterial blood, and with it the oxygen absorbed in 
respiration, is conveyed, that heat is produced. Hair, 
wool, or feathers do not possess an elevated tempe- 
rature. 

This high temperature of the animal body, or, as 
it may be called, disengagement of heat, is uniformly 
and under all circumstances the result of the combi- 
nation of a combustible substance with oxygen. 

In whatever way carbon may combine with 
oxygen, the act of combination cannot take place 
without the disengagement of heat. It is a matter 
of indifference whether the combination take place 
rapidly or slowly, at a high or at a low tempera- 
ture; the amount of heat liberated is a constant 
quantity. 

The carbon of the food, which is converted into 
carbonic acid within the body, must give out ex- 
wjtly as much heat as if it had been directly burnt 
in the air or in oxygen gas ; the only difference is, 
that the amount of heat produced is diffiised over 
unequal times. In oxygen, the combustion is more 
rapid, and the heat more intense ; in air it is slower. 



higher than that of an adult {99'5'). That of birds 
(104° to 106*4°) i8 higher than that of quadrupeds 
(98*6° to 100*4'') or than that of fishes or amphibia, 
whose proper temperature is from 2'7°to 3*6° higher 
than that of the medium in which they live. All 
animals, strictly speaking, are warm-blooded ; but 
in those only which possess lungs is the temperature 
of the body quite independent of the surrounding 
medium. (5) 

The most trustworthy observations prove that in 
all climates, in the temperate zones as well as at 
the equator or the poles, the temperature of the 
body in man, and in what are commonly c^led warm- 
blooded animals, is invariably the same ; yet how dif- 
ferent are the circumstances under which tbey live ! 

The animal body is a heated mass, which bears the 
same relation to surrounding objects as any other 
heated mass. It receives heat when the surround- 
ing objects are hotter, it loses heat when they are 
colder than itself. 

c 2 
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We know that the rapidity of cooling increases 
with the difference between the temperature of the 
heated body and that of the surrounding medium ; 
that is, the colder the surrounding medium the 
shorter the time required for the cooling of the 
heated body. 

How unequal, then, must be the loss of heat in a 
man at Palermo, where the external temperature 
is nearly equal to that of the body, and in the polar 
regions, where the external temperature is from 70** 
to 90" lower. 

Yet, notwithstanding this extremely unequal loss 
of heat, experience has shewn that the blood of the 
inhabitant of the arctic circle has a temperature as 
high as that of the native of the south, who lives in 
so different a medium. 

This fact, when its true significance is perceived, 
proves that the heat given off to the surrounding 
medium is restored within the body with great 
rapidity. This compensation takes place more ra- 
pidly in winter than in summer, at the pole than at 
the equator. 

Now, in different climates the quantity of oxygen 
introduced into the system of respiration, as has 
been already shewn, varies according to the tempe- 
rature of the external air ; the quantity of inspired 
oxygen increases with the loss of heat by external 
cooling, and the quantity of carbon or hydrogen 
necessary to combine with this oxygen must be 
increased in the same ratio. 
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It is evident that the supply of the heat lost by 
cooling is effected by the mutual action of the 
elements of the food and the inspired oxygen, which 
combine together. To make use of a familiar, but 
not on that account a less just illustration, the 
animal body acts, in this respect, as a furnace^ 
which we supply with fuel. It signifies nothing 
what intermediate forms food may assume, what 
changes it may undergo in the body, the last 
change is uniformly the conversion of its carbon 
into carbonic acid, and of its hydrogen into water ; 
the unassimilated nitrogen of the food, along with 
the unbumed or unoxidised carbon, is expelled in 
the urine or in the solid excrements. In order to 
keep up in the ftima^e a constant temperature, we 
must vary the supply of fuel according to the exter- 
nal temperature, that is, according to the supply of 
oxygen. 

In the animal body the food is the fiiel ; with a 
proper supply of oxygen we obtain the heat given 
out during its oxidation or combustion. In winter, 
when we take exercise in a cold atmosphere, and 
when consequently the amount of inspired oxygen 
increases, the necessity for food containing carbon 
and hydrogen increases in the same ratio ; and by 
gratifying the appetite thus excited, we obtain the 
most efficient protection against the most piercing 
cold. A starving man is soon frozen to death ; and 
every one knows that the animals of prey in the arctic 
regions far exceed in voracity those of the torrid zone. ' 
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In cold and temperate climates, the air, which 
incessantly strives to consume the body, urges man 
to laborious efforts in order to furnish the means of 
resistance to its action, while, in hot climates, the 
necessity of labour to provide food is far less urgent. 

Our clothing is merely an equivalent for a certain 
amount of food. The more warmly we are clothed 
the less urgent becomes the appetite for food, be- 
cause the loss of heat by cooling, and consequently 
the amount of heat to be supplied by the food, is 
diminished. 

If we were to go naked, like certain savage 
tribes, or if in hunting or fishing we were exposed 
to the same degree of cold as the Samoyedes, we 
should be able with ease to comsume 10 lbs. of flesh, 
and perhaps a dozen of tallow candles into the bar- 
gain, daily, as warmly clad travellers have related 
with astonishment of these people. We should then 
also be able to take the same quantity of brandy or 
train oil without bad effects, because the carbon and 
hydrogen of these substances would only suffice to 
keep up the equilibrium between the external tem- 
perature and that of our bodies. 

According to the preceding expositions, the quan- 
tity of food is regulated by the number of respira- 
tions, by the temperature of the air, and by the 
amount of heat given off to the surrounding me- 
dium. 

No isolated fact, apparently opposed to this state- 
ment, can affect the truth of this natural law. 
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Without temporary or permanent injury to health, 
the Neapolitan cannot take more carbon and hydro- 
gen in the shape of food than he expires as carbonic 
acid and water ; and the Esquimaux cannot expire 
more carbon and hydrogen than he takes into the 
system as food, unless in a state of disease or of 
starvation. Let us examine these states a little 
more closely. 

The Englishman in Jamaica sees with regret the 
disappearance of his appetite, previously a source of 
frequently recurring enjoyment; and he succeeds, 
by the use of cayenne pepper and the most powerful 
stimulants, in enabling himself to take as much food 
as he was accustomed to eat at home. But the 
whole of the carbon thus introduced into the system 
is not consumed ; the temperature of the air is too 
high, and the oppressive heat does not allow him to 
increase the number of respirations by active exer- 
cise, and thus to proportion the waste to the amount 
of food taken; disease of some kind, therefore, ensues. 

On the other hand, England sends her sick, whose 
diseased digestive organs have in a greater or less 
degree lost the power of bringing the food into that 
state in which it is best adapted for oxidation, 
and therefore fiimish less resistance to the oxidis- 
ing agency of the atmosphere than is required in 
their native climate, to southern regions, where the 
amount of inspired oxygen is diminished in so great 
a proportion ;• and the result, an improvement in the 
health, is obvious. The diseased organs of digestion 



24 HYDROGEN CONTRIBUTES 

have sufficient power to place the diminished amount 
of food in equilibrium with the inspired oxygen ; in 
the colder climate, the organs of respiration them- 
selves would have been consumed in furnishing the 
necessary resistance to the action of the atmospheric 
oxygen. 

In our climate, hepatic diseases, or those arising 
from excess of carbon, prevail in summer ; in winter, 
pulmonic diseases, or those arising from excess of 
oxygen, are more frequent. 

The cooling of the body, by whatever cause it 
may be produced, increases the amount of food 
necessary. The mere exposure to the open air, in 
a carriage or on the deck of a ship, by increasing 
radiation and vaporization, increases the loss of heat, 
and compels us to eat more than usual. The same 
is true of those who are accustomed to drink large 
quantities of cold water, which is given off at the 
temperature of the body, OS'S**. It increases the 
appetite, and persons of weak constitution find it 
necessary, by continued exercise, to supply to the 
system the oxygen required to restore the heat 
abstracted by the cold water. Loud and long con- 
tinued speaking, the crying of infants, moist air, all 
exert a decided and appreciable influence on the 
amount of food which is taken. 

IV. In the foregoing pages, it has been assumed 
that it is especially carbon and hydrogen which, by 
combining with oxygen, serve to produce animal 
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heat. In fact, observation proves that the hydrogen 
of the food plays a not less important part than 
the carbon. 

The whole process of respiration appears most 
clearly developed, when we consider the state of 
a man, or other animal, totally deprived of food. 

The first effect of starvation is the disappearance 
of fat, and this fat cannot be traced either in the 
urine or in the scanty faeces. Its carbon and hydro- 
gen have been given off through the skin and lungs 
in the form of oxidised products ; it is obvious that 
they have served to support respiration. . 

In the case of a starving man, 32^ oz. of oxygen 
enter the system daily, and are given out again in 
combination with a part of his body. Currie men- 
tions the case of an individual who was unable to 
swallow, and whose body lost 100 lbs. in weight 
during a month ; and, according to Martell (Trans. 
Linn. Soc, vol. xi. p. 411), a fiit pig, overwhelmed 
in a slip of earth, lived 160 days without food, and 
was found to have diminished in weight, in that 
time, more than 120 lbs. The whole history of 
hybemating animals, and the well-established facts 
of the periodical accumulation, in various animals, 
of fat, which, at other periods, entirely disappears, 
prove that the oxygen, in the respiratory process, 
consumes, without exception, all such substances as 
are capable of entering into combination with it. 
It combines with whatever is presented to it ; and 
the deficiency of hydrogen is the only reason why 
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carbonic acid is the chief product ; for, at the tem- 
perature of the body, the affinity of hydrogen for 
oxygen far surpasses that of carbon for the same 
element. 

We know, in fact, that the graminivora expire a 
volume of carbonic acid equal to that of the oxygen 
inspired, while the camivora, the only class of 
animals whose food contains &t, inspire more oxy- 
gen than is equal in volume to the carbonic acid 
expired. Exact experiments have shewn, that in 
many cases only half the volume of oxygen is ex- 
pired in the form of carbonic acid. These observa- 
tions cannot be gainsaid, and are feir more convinc- 
ing than those arbitrary and artificially produced 
phenomena, sometimes called experiments ; experi- 
ments which, made as too often they are, without 
regard to the necessary and natural conditions, pos- 
sess no value, and may be entirely dispensed with ; 
especially when, as in the present case, nature 
affords the opportunity for observation, and when 
we make a rational use of that opportunity. 

In the progress of starvation, however, it is not 
only the fet which disappears, but also, by degrees, 
all such of the solids as are capable of being dis- 
solved. In the wasted bodies of those who have 
suffered starvation, the muscles are shrunk and 
unnaturally soft, and have lost their contractility ; 
all those parts of the body which were capable of 
entering into the state of motion have served to 
protect the remainder of the frame from the 
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destructive influence of the atmosphere. Towards 
the end, the particles of the brain begin to undergo 
the process of oxidation, and delirium, mania, and 
death close the scene ; that is to say, all resistance 
to the oxidising power of the atmospheric oxygen 
ceases, and the chemical process of eremacausis, or 
decay, commences, in which every part of the body, 
the bones excepted, enters into combination with 
oxygen. 

The time which is required to cause death by 
starvation depends on the amount of fiit in the 
body, on the degree of exercise, as in labour or ex- 
ertion of any kind, on the temperature of the air, 
and finally, on the presence or absence of water. 
Through the skin and lungs there escapes a certain 
quantity of water, and as the presence of water is 
essential to the continuance of the vital motions, its 
dissipation hastens death. Cases have occurred, in 
which a fiill supply of water being accessible to the 
sufferer, death has not occurred till after the lapse 
of twenty days. In one case, life was sustained in 
flu, w/for L period of sixty d.,.. 

In all chronic diseases death is produced by the 
same cause, namely, the chemical action of the atmo* 
sphere. When those substances are wanting, whose 
function in the organism is to support the process 
of respiration ; when the diseased organs are incs^- 
pable of performing their proper function of produc- 
ing these substances ; when they have lost the power 
of transforming the food into that shape in which it 
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may, by entering into combination with the oxygen 
of the air, protect the system from its influence, then, 
the substance of the organs themselves, the fat of 
the body, the substance of the muscles, the nerves, 
tmd the brain, are unavoidably consumed.* 

The true cause of death in these cases is the respi- 
ratory process, that is, the action of the atmosphere. 

A deficiency of food, and a want of power to con- 
vert the food into a part of the organism, are both, 
equally, a want of resistance ; and this is the nega- 
tive cause of the cessation of the vital process. The 
flame is extinguished, because the oil is consumed ; 
and it is the oxygen of the air which has consumed it. 

In many diseases substances are produced which 
are incapable of assimilation. By the mere deprivar 
tion of food, these substances are removed from the 
body without leaving a trace behind ; their elements 
have entered into combination with the oxygen of 
the air. 

From the first moment that the function of the 
lungs or of the skin is interrupted or disturbed, 
compounds, rich in carbon, appear in the urine, 
which acquires a brown colour. Over the whole 
surface of the body oxygen is absorbed, and combines 
with all the substances which offer no resistance to 
it. In those parts of the body where the access of 

* For an account of what really talces place in this process, I 
refer to the considerations on the means by which the change of 
matter is effected in the body of the camivora, which will be found 
further on. 
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oxygen is impeded ; for example, in the arm-pits, or 
in the soles of the feet, peculiar compounds are given 
out, recognisable by thdr appearance, or by their 
odour. These compounds contain much carbon. 

Respiration is the falling weight, the bent spring, 
which keeps the clock in motion; the inspirations 
and expirations are the strokes of the pendulum 
which regulate it. In our ordinary time-pieces, we 
know with mathematical accuracy the effect pro- 
duced on their rate of going, by changes in the 
length of the pendulum, or in the external tempe- 
rature. Few, however, have a clear conception of 
the influence of air and temperature on the health 
of the human body ; and yet the research into the 
conditions necessary to keep it in the normal state, 
is not more difficult than in the case of a clock. 

V. The want of a just conception of force and 
effect, and of the connection of natural phenomena, 
has led chemists to attribute a part of the heat gene- 
rated in the animal body to the action of the ner- 
vous system. If this view exclude chemical action,^ 
or changes in the arrangement of the elementary 
particles, as a condition of nervous agency, it means 
nothing else than to derive the presence of motion, 
the manifestation of a force, from nothing. But no 
force, no power can come of nothing. 

No one will seriously deny the share which the 
nervous apparatus has in the respiratory process ; 
for no change of condition can occur in the body 
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without the nerves ; they are essential to all vital 
motions. Under their influence, the viscera produce 
those compounds, which, while they protect the orga* 
nism from the action of the oxygen of the atmo^ 
sphere, give rise to animal heat; and when the 
nerves cease to perform their functions, the whole 
process of the action of oxygen must assume another 
form. When the pons Varolii is cut through in the 
dog, or when a stunning blow is inflicted on the 
back of the head, the animal continues to respire for 
some time, often more rapidly than in the normal 
state; the frequency of the pulse at first rather 
increases than diminishes, yet the animal cools as 
rapidly as if sudden death had occurred. Exactly 
similar observations have been made on the cutting 
of the spinal cord, and of the par vagum. The 
respiratory motions continue for a time, but the 
oxygen does not meet with those substances with 
which, in the normal state, it would have combined ; 
because the paralyzed viscera will no longer furnish 
them. The singular idea that the nerves produce 
animal heat, has obviously arisen from the notion 
that the inspired oxygen combines with carbon, in 
the blood itself ; in which case the temperature of 
the body, in the above experiments, certainly, ought 
not to have sank. But, as we shall afterwards see, 
there cannot be a more erroneous conception than 
this. 

As by the division of the pneumogastric nerves 
the motion of the stomach and the secretion of the 
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gastric juice axe arrested, and an immediate check is 
thus given to the process of digestion, so the paraly- 
sis of the organs of vital motion in the abdominal 
viscera affects the process of respiration. These 
processes are most intimately connected ; and every 
disturbance of the nervous system or of the nerves of 
digestion re-acts visibly on the process of respiration. 

The observation has been made, that heat is pro- 
duced by the contraction of the muscles, just as in a 
piece of caoutchouc, which, when rapidly drawn out, 
forcibly contracts again, with disengagement of heat. 
Some have gone so far as to ascribe a part of the 
animal heat to the mechanical motions of the body, 
as if these motions could exist without an expendi- 
ture of force consumed in producing them; how 
then, we may ask, is this force produced ? 

By the combustion of carbon, by the solution of 
a metal in an acid, by the combination of the two 
electricities, positive and negative, by the absorption 
of light, and even by the rubbing of two solid bodies 
together with a certain degree of rapidity, heat may 
be produced. 

By a number of causes, in appearance entirely dis- 
tinct, we can thus produce one and the same effect. 
In combustion and in the production of galvanic 
electricity we have a change of condition in material 
particles ; when heat is produced by the absorpti<m 
of light or by friction, we have the conversion of one 
kind of motion into another, which affects our senses 
differently. In all such cases we have a something 
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given, which merely takes another form ; in all we 
have a force and its effect. By means of the fire 
which heats the boiler of a steam-engine we can 
produce every kind of motion, and by a certain 
amount of motion we can produce fire. 

When we rub a piece of sugar briskly on an iron 
grater, it undergoes, at the sur&ces of contact, the 
same change as if exposed to heat ; and two pieces 
of ice, when rubbed together, melt at the point of 
contact. 

Let us remember that the most distinguished 
authorities in physics consider the phenomena of 
heat as phenomena of motion, because the very 
conception of the creation of matter, even though 
imponderable, is absolutely irreconcilable with its 
production by mechanical causes, such as friction or 
motion. 

But, admitting all the influence which electric or 
magnetic disturbances in the animal body can have 
on the functions of its organs, still the ultimate 
cause of all these forces is a change of condition in 
material particles, which may be expressed by the con- 
version, within a certain time, of the elements of the 
food into oxidised products. Such of these elements 
as do not undergo this process of slow combustion, 
are given off unbumed or incombustible in the ex- 
crements. 

Now, it is absolutely impossible that a given 
amount of carbon or hydrogen, ' whatever different 
forms they may assume in the progress of the com- 
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bustion, can produce more heat than if directly 
burned in atmospheric air or in oxygen gas* 

When we kindle a fire under a steam-engine, and 
employ the power obtained to produce heat by 
friction, it is impossible that the heat thus obtained 
can ever be greater than that which was required 
to heat the boiler ; and if we use the galvanic cur- 
rent to produce heat, the amount of heat obtained 
is never, in any circumstances, greater than we 
might have by the combustion of the zinc which 
has been dissolved in the acid- 

The contraction of muscles produces heat ; but 
the force necessary for the Contraction has mani- 
fested itself through the organs of motion, in which 
it has been excited by chemical changes. The ul- 
timate cause of the heat produced is therefore to 
be found in these chemical changes. 

By dissolving a metal in an acid, we produce an 
electrical current ; this current, if passed through a 
wire, converts the wire into a magnet, by means of 
which many different effects may be produced. The 
cause of these phenomena is magnetism ; the cause 
of the ihagnetic phenomena is to be found in the 
electrical current; and the ultimate cause of the 
electrical current is found to be a chemical change, 
a chemical action^ 

There are various causes by which force or motion 
toiay be produced. A bent spring, a current of 
air, the fall of water, fire applied to a boiler, the 
solution of a metal in an acid, — all these different 

D 
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causes of motion may be made to produce the 
same effect. But in the animal body we recognize 
as the ultimate cause of all force only one cause, 
the chemical action which the elements of the food 
and the oxygen of the air mutually exercise on each 
other. The only known ultimate cause of vital 
force, either in animals or in plants, is a chemical 
process. If this be prevented, the phenomena of 
life do not manifest themselves, or they cease to be 
recognizable by our senses. If the chemical actioii 
be impeded, the vital phenomena must take new 
forms. 

According to the experiments of Despretz, 1 oz. 
of carbon evolves, during its combustion, as much 
heat as would raise the temperature of 105 oz. of 
water at 32'' to 167°, that is, by 135 degrees ; in all, 
therefore, 105 times 135''==14207 degrees of heat. 
Consequently, the 13*9 oz. of carbon which are daily 
converted into carbonic acid in the body of an 
adult, evolve 13-9xl4207'=197477-3 degrees of 
heat. This amount of heat is sufficient to raise the 
temperature of 1 oz. of water by that number of 
degrees, or from 32"* to 197509-3'*; or to cause 
136-8 lbs. of water at 32° to boil ; or to heat 370 lbs. 
of water to 98-3° (the temperature of the human 
body) ; or to convert into vapour 24 lbs. of water 
at 98-3°. 

If we now assume that the quantity of water 
vaporized through the skin and lungs in 24 hours 
amounts to 48 oz. (3 lbs.), then there will remain. 
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after deducting the necessary amount of heat, 
146380-4 degrees of heat, which are dissipated by 
radiation, by heating the expired air, and in the ex- 
crementitious matters. 
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where labour is enforced), do not consume more than 
10*5 oz. of carbon daily; those in the House of 
Arrest at Giessen, who are deprived of all exercise, 
consume only 8*5 oz. ; (6) and in a family well known 
to me, consisting of nine individuals, five adults, and 
four children of different ages, the average daily 
consumption of carbon for each, is not more than 
9*5 oz, of carbon.* We may safely assume, as an ap- 
proximation, that the quantities of oxygen consumed 
in these different cases are in the ratio of these 
numbers ; but where the food contains meat, &t, and 
wine, the proportions are altered by reason of the 
hydrogen in these kinds of food which is oxidised, 
and which, in being converted into water, evolves 
much more heat for equal weights. 

The attempts to ascertain the amount of heat 
evolved in an animal for a given consumption of 
oxygen have been equally unsatisfactory. Animals 
have been allowed to respire in close chambers sur- 
rounded with cold water ; the increase of tempera- 
ture in the water has been measured by the ther- 
mometer, and the quantity of oxygen consumed has 
been calculated from the analysis of the air before 

* In this family, the monthly consumption utras lollbs. of 
brown bread, 70 lbs. white bread, 132 lbs. meat, 19 lbs. sugar, 
15-9 lbs. butter, 57 maass (about 24 gallons) of milk ; the carbon of 
the potatoes and other vegetables, of the poultry, game, and wine 
consumed, having been reckoned as equal to that contained in 
the excrementitious matters, the carbon of the above articles was 
considered as being converted into carbonic acid. 
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and afler the experiment. In experiments thus 
conducted, it has been found that the animal lost 
about Vir more heat than corresponded to the oxygen 
consumed ; and had the windpipe of the animal been 
tied, the strange result would have been obtained of 
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experiments are on record, in which animals were 
made to respire in an unnatural position, as for 
example, lying on the back, with the limbs tied so 
as to preclude motion, and that the temperature of 
their bodies was found to sink in a degree appreci' 
able by the thermometer, we can hardly be at a 
loss what value we ought to attach to the conclu- 
sions drawn from such experiments as those above 
described. 

These experiments and the conclusions deduced 
from them, in short, are incapable of furnishing the 
smallest support to the opinion that there exists, in 
the animal body, any other unknown source of heat, 
besides the mutual chemical action between the ele- 
ments of the food and the oxygen of the air. The ex- 
istence of the latter cannot be doubted or denied, and 
it is amply sufficient to explain all the phenomena. 

VII. If we designate the production of force, the 
phenomena of motion in the animal body as nervous 
lifcy and the resistance, the condition of static equi- 
librium, as vegetative life; it is obvious that in all 
classes of animals the latter, namely, vegetative life, 
prevails over the former, nervous life, in the earlier 
stages of existence. 

The passage or change of matter from a state of 
motion to a state of rest appears in an increase of 
the mass, and in the supply of waste; while the 
motion itself, or the production of force, appears in 
the shape of waste of matter. 
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Id a jonng animal, tbe waste is less than the 
increase ; and the female retains, up to a certain 
age, this peculiar condition of a more intense vege- 
tative life. This condition does not cease in the 
female as in the male, with the complete develope- 
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quantity of the menstrual discharge ; and when it is 
suppressed in consequence of disease, the yegetative 
life is manifested in a morbid production of fat. 
When the equilibrium between the vegetative and 
nervous life is disturbed in the male, when, as in 
eunuchs, the intensity of the latter is diminished, 
the predominance of the former is shewn in the 
same form, in an increased deposit of fat. 

VIII. If we hold, that increase of mass in the 
animal body, the developement of its organs, and 
the supply of waste, — that all this is dependant on 
the blood, that is, on the ingredients of the blood, 
then only those substances can properly be called 
nutritious or considered as food which are capable 
of conversion into blood. To determine, therefore, 
what substances are capable of affording nourish- 
ment, it is only necessary to ascertain the composi- 
tion of the food, and to compare it with that of the 
ingredients of the blood. 

Two substances require especial consideration as 
the chief ingredients of the blood; one of these 
separates immediately from the blood when with- 
drawn from the circulation. It is well known that 
in this case blood coagulates, and separates into a 
yellowish liquid, the serum of the blood, and a gela- 
tinous mass, which adheres to a rod or stick in soft, 
elastic fibres, when coagulating blood is briskly 
stirred. This is the fibinne of the blood, which is 
identical in all its properties with muscular fibre. 



CONSTITUENTS OF BLOOD. 41 

when the latter ia purified from all foreign mat- 
tere. 

The second principal ingredient of the blood is 
contained in the serum, and gives to this liquid all 
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mical composition, in the ultimate proportion of the 
organic elements, they are identical. 

This conclusion has lately been beautifully con- 
firmed by a distinguished physiologist (Denis), who 
has succeeded in converting fibrine into albumen, 
that is, in giving it the solubility, and coagulability 
by heat, which characterize the white of egg. 

Fibrine and albumen, besides having the same 
composition, agree also in this, that both dissolve in 
concentrated muriatic acid, yielding a solution of an 
intense purple colour. This solution, whether made 
with fibrine or albumen, has the very same re-actions 
with all substances yet tried. 

Both albumen and fibrine, in the process of nutri- 
tion, are capable of being converted into muscular 
fibre, and muscular fibre is capable of being recon- 
verted into blood. These facts have long been esta- 
blished by physiologists, and chemistry has merely 
proved that these metamorphoses can be accom- 
plished under the influence of a certain force, with- 
out the aid of a third substance, or of its elements, 
and without the addition of any foreign element, or 
the separation of any element previously present in 
these substances. 

If we now compare the composition of all organ- 
ised parts with that of fibrine and albumen, the fol- 
lowing relations present themselves : — 

All parts of the animal body which have a decided 
shape, which form parts of organs, contain nitrogen. 
No part of an organ which possesses motion and life 
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is destitute of nitrogen ; all of them contain likewise 
carbon and the elements of water, the latter, 
however, in no case in the proportion to form 
water. 

The chief ingredients of the blood contain nearly 
17 per cent, of nitrogen, and no part of an organ 
contains less than 17 per cent, of nitrogen. (7) 

The most convincing experiments and observa^ 
tions have proved that the animal body is absolutely 
incapable of producing an elementary body, such as 
carbon ot nitrogen, out of substances which do not 
contain it ; and it obviously follows, that all kinds 
of food fit for the production either of blood, or of 
cellular tissue, membranes, skin, hair, muscular fibre, 
&c., must contain a certain amount of nitrogen, 
because that element is essential to the composition 
of the above-named organs ; because the organs can- 
not create it from the other elements presented to 
them ; and, finally, because no nitrogen is absorbed 
from the atmosphere in the vital process. 

The substance of the brain and nerves contains a 
large quantity of albumen, and, in addition to this, 
two peculiar fatty acids, distinguished from other fats 
by containing phosphorus (phosphoric acid ?). One of 
these contains nitrogen (Fremy). 

Finally, water and common fat are those ingre- 
dients of the body which are destitute of nitrogen. 
Both are amorphous or unorganised, and only so far 
take part in the vital process as that their presence 
is required for the due performance of the vital 
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functions. The inorganic constituents of the body 
are, iron, lime, magnesia, common salt, and the alka- 
lies. 

IX. The nutritive process in the camivora is seen 
in its simplest form. This class of animals lives on 
the blood and flesh of the graminivora ; but this 
blood and flesh is, in all its properties, identical with 
their own. Neither chemical nor physiological dif- 
ferences can be discovered. 

The nutriment of carnivorous animals is derived 
originally from blood ; in their stomach it becomes 
dissolved, and capable of reaching all other parts 
of the body ; in its passage it is again converted into 
blood, and from this blood are reproduced all those 
parts of their organisation which have undergone 
change or metamorphosis. 

With the exception of hoofs, hair, feathers, and 
the earth of bones, every part of the food of carni- 
vorous animals is capable of assimilation. 

In a chemical sense, therefore, it may be said that 
a carnivorous animal, in supporting the vital pro- 
cess, consumes itself. That which serves for its 
nutrition is identical with those parts of its organ- 
isation which are to be renewed. 

The process of nutrition in graminivorous animals 
appears at first sight altogether different. Their 
digestive organs are less simple, and their food con- 
sists of vegetables, the great mass of which contains 
but little nitrogen. 
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From what substances, it may be asked, is the 
blood formed, hj means of which their organs are 
developed ? This question may be answered with 
certainty. 

Chemical researches have shewn, that all such 
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leaves a greyish white substance, well known to 
druggists as the deposit from vegetable juices. This 
is one of the nitrogenised compounds which serves 
for the nutrition of animals, and has been named 
vegetable jUyrine. The juice of grapes is especially 
rich in this constituent, but it is most abundant in 
the seeds of wheat, and of the cerealia generally. 
It may be obtained from wheat flour by a mechan- 
ical operation, and in a state of tolerable purity; 
it is then called gluten, but the glutinous property 
belongs, not to vegetable fibrine, but to a foreign 
isubstance, present in small quantity, which is not 
found in the other cerealia. 

The method by which it is obtained suflSciently 
proves that it is insoluble in water; although we 
cannot doubt that it was originally dissolved in the 
vegetable juice, from which it afterwards separated, 
exactly as fibrine does from blood. 

The second nitrogenised compound remains dis- 
solved in the juice after the separation of the fibrine. 
It does not separate from the juice at the ordinary 
temperature, but is instantly coagulated when the 
liquid containing it is heated to the boiling point. 

When the clarified juice of nutritious vegetables, 
such as cauliflower, asparagus, mangel wurzel, or 
turnips, is made to boil, a coagulum is formed, which 
it is absolutely impossible to distinguish from the 
substance which separates as a coagulum, when 
the serum of blood or the white of an egg, di- 
luted with water, are heated to the boiling point. 
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This is vegetable alAuTnen. It is found in the great- 
est abundance in certain seeds, in nuts, almonds^ 
and others, in which the starch of the gramineae is 
replaced by oil. 

The third nitrogenised constituent of the vegeta- 
ble food of animals is vegetabk caseine. It is chiefly 
found in the seeds of pease, beans, lentils, and 
similar leguminous seeds. Like vegetable albumen, 
it is soluble in water, but differs from it in this, that 
its solution is not coagulated by heat. When the 
solution is heated or evaporated, a skin forms on its 
surface, and the addition of an acid causes a coagu- 
lum, just as in animal milk. 

These three nitrogenised compounds, vegetable 
fibrine, albumen, and caseine, are the true nitro- 
genised constituents of the food of graminivorous 
animals ; all other nitrogenised compounds, occur- 
ring in plants, are either rejected by animals, as in 
the case of the characteristic principles of poisonous 
and medicinal plants, or else they occur in the food 
in such very small proportion, that they cannot 
possibly contribute to the increase of mass in the 
animal body. 

The chemical analysis of these three substances 
has led to the very interesting result that they con- 
tain the same organic elements, united in the same 
proportion by weight; and, what is still more re- 
markable, that they are identical in composition 
with the chief constituents of blood, animal fibrine, 
and albumen. They all three dissolve in concen- 
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trated muriatic acid with the same deep purple 
colour, and even in their physical characters, animal 
fibrine and albumen are in no respect different from 
vegetable fibrine and albumen. It is especially to 
be noticed, that by the phrase, identity of composi- 
tion, we do not here imply mere similarity, but that 
even in regard to the presence and relative amount 
of sulphur, phosphorus, and phosphate of lime, no 
difference can be observed, (8) 

How beautifully and admirably simple, with the 
aid of these discoveries, appears the process of nu- 
trition in animals, the formation of their organs, 
in which vitality chiefly resides I Those vegetable 
principles, which in animals are used to form blood, 
contain the chief constituents of blood, fibrine and 
albumen, ready formed, as far as regards their 
composition. All plants, besides, contain k certain 
quantity of iron, which re-appears in the colouring 
matter of the blood. Vegetable fibrine and animal 
fibrine, vegetable albumen and animal albumen, 
hardly differ, even in form ; if these principles be 
wanting in the food, the nutrition of the animal iel 
arrested ; and when they are present, the gramini- 
vorous animal obtains in its food the very same 
principles on the presence of which the nutrition of 
the camivora entirely depends. 

Vegetables produce in their organism the blood 
of all animals, for the camivora, in consuming the' 
blood and flesh of the graminivora, consume, strictly 
speaking, only the vegetable principles which have 
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served for the nutrition of the latter. Vegetable 
fibrine and albumen take the same form in the 
stomach of the graminivorous animal as animal 
fibrine and albumen do in that of the carnivorous 
animal. 

From what has been said, it follows that the de- 
velopement of the animal organism and its growth 
are dependant on the receptioii of certain principles 
identical with the chief constituents of blood. 

In this sense we may say that the animal organ- 
ism gives to blood only its form ; that it is incapable 
of creating blood out of other substances which do 
not already contain the chief constituents of that 
fluid. We cannot, indeed, maintain that the animal 
organism has no power to form other compounds, 
for we know that it is capable of producing an 
extensive series of compounds, differing in composi- 
tion from the chief constituents of blood ; but these 
last, which form the starting point of the series, it 
cannot produce. 

The animal organism is a higher kind of vege- 
table, the developement of which begins with those 
substances, with the production of which the life of 
an ordinary vegetable ends. As soon as the latter 
has borne seed, it dies, or a period of its life comes 
to a termination. 

In that endless series of compounds, which begins 
with carbonic acid, ammonia, and water, the sources 
of the nutrition of vegetables, and includes the 
most complex constituents of the animal brain, 
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there is no blank, no interruption. The first sub* 
stance capable of affording nutriment to animals is 
the last product of the creative energy of vege- 
tables. 

The substance of cellular tissue and of mem- 
branes, of the brain anid nerves, these the vegetable 
cannot produce. 

The seemingly miraculous in the productive 
agency of vegetables disappears in a great degree, 
when we reflect that the production of the consti- 
tuents of blood cannot appear more surprising than 
the occurrence of the fat of beef and mutton in 
cocoa beans, of human fat in olive oil, of the prin- 
cipal ingredient of butter in palm oil, and of horse 
fat and train oil in certain oily seeds. 

X. While the preceding considerations leave lit- 
tle or no doubt as to the way in which the increase 
of mass in an animal, that is, its growth, is carried' 
on, there is yet to be resolved a most important 
question, namely, that of the function performed in 
the animal system by substances containing no nitro- 
gen, such as sugar, starch, gum, pectine, &c. 

The most extensive class of animals, the grami- 
nivora, cannot live without these substances ; their 
food must contain a certain amount of one or more 
of them, and if these compounds are not supplied, 
death quickly ensues. 

This important inquiry extends also to the consti- 
tuents of the food of carnivorous animals in the ear- 
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liest periods of life ; for this food also contains sub- 
stances, which are not necessary for their support in 
the adult state. 

The nutrition of the young of camivora is obvi- 
ously accomplished by means similar to those by 
which the graminivora are nourished ; their develope- 
ment is dependant on the supply of a fluid, which 
the body of the mother secretes in the shape of 
milk. 

Milk contains only one nitrogenised constituent, 
known under the name of caseine ; besides this, its 
chief ingredients are butter (fat), and sugar of milk. 

The blood of the young animal, its muscular fibre, 
cellular tissue, nervous matter, and bones, must have 
derived their origin from the nitrogenised constitu- 
ent of milk, the caseine ; for butter and sugar of 
milk contain no nitrogen. 

Now, the analysis of caseine has led to the result, 
which, after the details given in the last section, can 
hardly excite surprise, that this substance also is 
identical in composition with the chief constituents 
of blood, fibrine and albumen. Nay, more, a com- 
parison of its properties with those of vegetable ca- 
seine has shewn that these two substances are iden- 
tical in all their properties ; insomuch, that certain 
plants, such as peas, beans, and lentils, are capable 
of producing the same substance which is formed 
from the blood of the mother, and employed in 
yielding the blood of the young animal. (9) 

The young animal, therefore, receives, in the form 
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of caseine, which is distinguished from fibrine and 
albumen by its great solubility, and by not coagu- 
lating when heated, the chief constituent of the mo- 
ther's blood. To convert caseine into blood no fo- 
reign substance is required, and in the conversion 
of the mother's blood into caseine, no elements of 
the constituents of the blood have been separated. 
When chemically examined, caseine is found to 
contain a much larger proportion of the earth of 
bones than blood does, and that in a very soluble 
form, capable of reaching every part of the body. 
Thus, even in the earliest period of its life, the de- 
velopement of the organs, in which vitality resides, 
is, in the carnivorous animal, dependant on the sup- 
ply of a substance, identical in organic composition 
with the chief constituents of its blood. 

What, then, is the use of the butter and the su- 
gar of milk ? How does it happen that these sub- 
stances are indispensable to life ? 

Butter and sugar of milk contain no fixed bases, 
no soda or potadh. Sugar of milk has a composition 
closely allied to that of the other kinds of sugar, of 
starch, and of gum ; all of them contain carbon and 
the elements of water, the latter precisely in the 
proportion to form water. 

There is added, therefore, by means of these com- 
pounds, to the nitrogenised constituents of food, a 
certain amount of carbon, or, as in the case of but- 
ter, of carbon and hydrogen ; that is, an excess of 
elements, which cannot possibly be employed in the 
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production of blood, because the nitrogenised sub- 
stances contained in the food already contain exactly 
the amount of carbon which is required for the pro- 
duction of fibrine and albumen. 

The following considerations will shew that hardly 
a doubt can be entertained, that this excess of car- 
bon alone, or of carbon and hydrogen, is expended 
in the production of animal heat, and serves to pro- 
tect the organism from the action of the atmospheric 
oxygen. 

XI. In order to obtain a clearer insight into the 
nature of the nutritive process in both the great 
classes of animals, let us first consider the changes 
which the food of the camivora undergoes in their 
organism. 

If we give to an adult serpent, or boa constrictor, 
a goat, a rabbit, or a bird, we find that the hair, 
hoofs, horns, feathers, or bones of these animals, are 
expelled from the body apparently unchanged. They 
have retained their natural form and aspect, but 
have become brittle, because of all their component 
parts they have lost only that one which was capable 
of solution, namely, the gelatine. Faeces, properly 
so called, do not occur in serpents any more than in 
carnivorous birds. 

We find, moreover, that, when the serpent has 
regained its original weight, every other part of its 
prey, the flesh, the blood, the brain, and nerves, in 
short, every thing, has disappeared. 
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The only excrement, strictly speaking, is a sub- 
stance expelled by the urinary passage. When dry, 
it is pure white, like chalk ; it contains much nitro- 
gen, and a small quantity of carbonate and phos- 
phate of lime mixed with the mass. 

This excrement is urate of iam&ionia, a chemical 
compound, in which the nitrogen bears to the carbon 
the same proportion as in bicarbonate of ammonia. 
For every equivalent of nitrogen it contains two 
equivalents of carbon. 

But muscular fibre, blood, membranes, and skin, 
contain four times as much carbon for the same 
amount of nitrogen, or eight equivalents to one ; and 
if we add to this the carbon of the £Eit and nervous 
substance, it is obvious that the serpent has con- 
sumed, for every equivalent of nitrogen, much more 
than eight equivalents of carbon. 

If now we assume that the urate of ammonia con- 
tains all the nitrogen of the animal consumed, then 
at least six equivalents of carbon, which were in 
combination with this nitrogen, must have been 
given out in a different form from the two equiva- 
lents which are found in the urate of ammonia. 

Now we know, with perfect certainty, that this 
carbon has been given out through the skin and 
lungs, which could only take place in the form of an 
oxidised product. 

The excrements of a buzzard which had been fed 
with beef, when taken out of the rectum, consisted, 
according to L. Gmelin and Tiedemann, of urate of 
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ammonia. In like manner, the faeces in lions and 
tigers are scanty and dry, consisting chiefly of bone 
earth, with mere traces of compounds containing 
carbon ; but their urine contains, not urate of am- 
monia, but urea,^>a compound in which carbon and 
nitrogen are to each other in the same ratio as in 
neutral carbonate of ammonia. 

Assuming that their food (flesh, &c.) contains 
carbon and nitrogen in the ratio of eight equivalents 
to one, we find these elements in their urine in the 
ratio of one equivalent to one ; a smaller proportion 
of carbon, therefore, than in serpents, in which res- 
piration is so much less active. 

The whole of the carbon and hydrogen which the 
food of these animals contained, beyond the amount 
which we find in their excrements, has disappeared, 
in the process of respiration, as carbonic acid and 
water. 

Had the animal food been burned in a furnace, 
the change produced in it would only have differed 
in the form of combination assumed by the nitrogen 
from that which it underwent in the body of the 
animal. The nitrogen would have appeared, with 
part of the carbon and hydrogen, as carbonate of 
ammonia, while the rest of the carbon and hydrogen 
would have formed carbonic acid and water. The 
incombustible parts would have taken the form of 
ashes, and any part of the carbon unconsumed from 
a deficiency of oxygen would have appeared as 
soot, or lamp-black. Now the solid excrements are 
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nothing else than the incombustible^ or imperfectly 
burned, parts of the food. 

In the preceding pages it has been assumed that 
the elements of the food are converted by the oxy- 
gen absorbed in the lungs into oxidised products ; 
the carbon into carbonic acid, the hydrogen into 
water, and the nitrogen into a compound con- 
taining the same elements as carbonate of am- 
monia. 

This is only true in appearance ; the body, no 
doubt, after a certain time, acquires its original 
weight. The amount of carbon, and of the other 
elements, is not found to be increased— exactly as 
much carbon, hydrogen, and nitrogen has been given 
out as was supplied in the food ; but nothing is more 
certain than that the carbon, hydrogen, and nitro- 
gen given out, although equal in amount to what 
is supplied in that form, do not directly proceed 
from the food. 

It would be utterly irrational to suppose that the 
necessity of taking food, or the satisfying the appe- 
tite, had no other object than the production of 
urea, uric acid, carbonic acid, and other excremen- 
titious matters— of substances which the system 
expels, and consequently applies to no useful pur- 
pose in the economy. 

In the adult animal, the food serves to restore 
the waste of matter; certain parts of its organs 
have lost the state of vitality, have been expelled 
from the substance of the organs, and have been 
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metamorphosed into new combinations, which are 
amorphous and unorganised. 

The food of the camivora is at once converted 
into blood; out of the newly-formed blood those 
parts of organs which have undergone metamor- 
phoses are reproduced. The carbon and nitrogen of 
the fbod thus become constituent parts of organs. 

Exactly as much carbon and nitrogen is supplied 
to the organs by the blood, that is, ultimately, by 
the food, as they have lost by the transformations 
attending the exercise of their functions. 

What then, it may be asked, becomes of the new 
compounds produced by the transformations of the 
organs, of the muscles, of the membranes and cel- 
lular tissue of the nerves and brain ? 

These ' new compounds cannot, owing to their 
solubility, remain in the situation where they are 
formed, for a well-known force, namely the circu- 
lation of the blood, opposes itself to this. 

By the expansion of the heart, an organ in which 
two systems of tubes meet, which are ramified in a 
most minute network of vessels through all parts of 
the body, there is produced a vacuum, the imme- 
diate effect of which is, that all fluids which can 
penetrate into these vessels are urged with great 
force towards one side of the heart by the external 
pressure of the atmosphere. This motion is power-- 
fully assisted by the contraction of the heart, alter* 
nating with its expansion, and caused by a force 
independent of the atmospheric pressure. 



58 . CARBON IS ACCUMULATED 

In a word, the heart is a forcing pump, which 
sends arterial blood into all parts of the body ; and 
also a suction pump, by means of which all fluids 
of whatever kind, as soon as they enter the absorbent 
vessels which communicate with the veins, are drawn 
towards the heart. This suction, arising from the 
vacuum caused by the expansion of the heart, is a 
purely mechanical act, which extends, as above 
stated, to fluids of every kind, to saline solutions, 
poisons, &c. It is obvious, therefore, that by the 
forcible entrance of arterial blood into the capillary 
vessels, the fluids contained in these, in other words, 
the soluble compounds formed by the transforma* 
tions of organised parts, must be compelled to move 
towards the heart. 

These compounds cannot be employed for the 
reproduction of those tissues from which they are 
derived. They pass through the absorbent and 
lymphatic vessels into the veins, where their accu- 
mulation would speedily put a stop to the nutritive 
process, were it not that this accumulation is pre- 
vented by two contrivances adapted expressly to 
this purpose, and which may be compared to filtering 
machines. 

The venous blood, before reaching the heart, is 
made to pass through the liver ; the arterial blood, 
on the other hand, passes through the kidneys ; and 
these organs separate from both all substances in- 
capable of contributing to nutrition. 

Those new compounds which contain the nitrogen 
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of the transformed organs are collected in the uri- 
nary bladder, and being utterly incapable of any 
further application in the system, are expelled from 
the body. 

Those, again, which contain the carbon of the 
transformed tissues, are collected in the gall-bladder 
in the form of a compound of soda, the bile^ which is 
miscible with water in every proportion, and which, 
passing into the duodenum, mixes with the chyme. 
All those parts of the bile which, during the diges- 
tive process, do not lose their solubility, return 
during that process into the circulation in a state of 
extreme division. The soda of the bile, and those 
highly carbonised portions which are not precipitated 
by a weak acid (together making -^fiftyths of the solid 
contents of the bile), retain the capacity of resorp- 
tion by the absorbents of the small and large intes- 
tines; nay, this capacity has been directly proved 
by the administration of enemata containing bile, 
the whole of the bile disappearing with the injected 
fluid in the rectum. 

Thus we know with certainty, that the nitrogen- 
ised compounds, produced by the metamorphosis of 
organised tissues, after being separated from the 
arterial blood by means of the kidneys arfe expelled 
from the body as utterly incapable of further altera- 
tion ; while the compounds rich in carbon, derived 
from the same source, return into the system of 
carnivorous animals. 

The food of the carnivora is identical with the 
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ehief constituents of their bodies, and hence the 
metamorphoses which their organs undergo must be 
the same as those which, under the influence of the 
vital force, take place in the matters which consti- 
tute their food. 

The flesh and blood consumed as food yield their 
carbon for the support of the respiratory process, 
while its nitrogen appears as uric acid, ammonia, 
or urea. But previously to these final changes, the 
dead flesh and blood become living flesh and blood, 
and it is, strictly speaking, the carbon of the com- 
pounds formed in the metamorphoses of living tis-^ 
sues that serves for the production of animal heat. 

The food of the camivora is converted into blood, 
which is destined for the reproduction of organised 
tissues ; and by means of the circulation a current 
of oxygen is conveyed to every part of the body. 
The globules of the blood, which in themselves 
can be shewn to take no share in the nutritive 
process, serve to transport the oxygen, which they 
give up in their passage through the capillary 
vessels. Here the current of oxygen meets with 
the ' compounds produced by tlie transformation of 
the tissues, and combines with their carbon to form 
carbonic acid, with their hydrogen to form water. 
£very portion of these substances which escapes this 
process of oxidation is sent back into the circulation 
in the form of the bile, which by degrees completely 
disappears. 

In the carnivora the bile contains the carbon of 
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the metamorphosed tissues ; this carbon disappears 
in the animal body, and the bile likewise disappears 
in the vital process. Its carbon and hydrogen are 
given out through the skin and lungs as carbonic 
acid and water; and hence it is obvious that the 
elements of the bile serve for respiration and 
for the production of animal heat. Every part of 
the food of carnivorous animals is capable of 
forming blood; their excrements, excluding the 
urine, contain only inorganic substances, such as 
phosphate of lime ; and the small quantity of organic 
matter which is found mixed with these is derived 
from excretions, the use of which is to promote 
their passage through the intestines, such as mucus. 
These excrements contain no bile and no soda ; for 
water extracts from them no trace of any substance 
resembling bile, and yet bile is very soluble in 
water, and mixes with it in every proportion. 

Physiologists can entertain no doubt as to the 
origin of the constituent parts of the urine and of 
the bile. When, from deprivation of food, the 
stomach contracts itself so as to resemble a portion 
of intestine, the gall-bladder, for want of the motion 
which the fiill stomach gives to it, cannot pour out 
the bile it contains; hence in animals starved to 
death we find the gall-bladder distended and full. 
The secretion of bile and of urine goes on during 
the winter sleep of hybemating animals ; and we 
know that the urine of dogs, fed for three weeks 
exclusively on pure sugar, contains as much of the 
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most highly nitrogeuised constituent, urea, as in the 
normal condition. (Marchaud. Erdmaun's Journal 
fiir praktische Chemie, XIV. p. 495.) 

Differences in the quantity of urea secreted in 
these and similar experiments are explained by the 
condition of the animal in regard to the amount 
of the natural motions permitted. Every motion 
increases the amount of organised tissue which 
undergoes metamorphosis. Thus, after a walk, the 
secretion of urine in man is invariably increased. 

The urine of the mammalia, of birds, and of 
amphibia, contains uric acid or urea ; and the ex- 
crements of the moUiisca, and of insects, as of can- 
tharides and of the butterfly of the silkworm, con- 
tain urate of ammonia. This constant occurrence of 
one or two nitrogeuised compounds in the excre- 
tions of animals, while so great a difference exists 
in their food, clearly proves that these compounds 
proceed from one and the same source. 

As little doubt can be entertained in regard to 
the function of the bile in the vital process. When 
we consider, that the acetate of potash, given in 
enema, or simply as a bath for the feet, renders the 
urine strongly alkaline (Rehberger in Tiedemann's 
Zeitschrift fiir Physiologie, II. 149), and that the 
change which the acetic acid here undergoes cannot 
be conceived without the addition of oxygen, it is 
obvious, that the soluble constituents of the bile, 
prone to change in a high degree as we know them 
to be, and which, as already stated, cannot be em- 
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ployed in the production of blood, must, when re- 
turned through the intestines into the circulation, in 
like manner yield to the influence of the oxygen 
which they meet. The bile is a compound of soda, 
the elements of which, with the exception of the 
soda, disappear in the body of a carnivorous animal. 

In the opinion of many of the most distinguished 
physiologists, the bile is intended solely to be ex- 
creted ; and nothing is more certain, than that a 
substance containing so very small a proportion of 
nitrogen can have no share in the process of nutri- 
tion or reproduction of organised tissue. But 
quantitative physiology must at once and decidedly 
reject the opinion, that the bile serves no purpose 
in the economy, and is incapable of further change. 

No part of any organised structure contains soda ; 
only in the serum of the blood, in the fat of the 
brain, and in the bile, do we meet with that alkali. 
When the compounds of soda in the blood are con- 
verted into muscular fibre, membrane, or cellular 
tissue, the soda they contain must enter into new 
combinations. The blood which is transformed into 
organised tissue gives up its soda to the compounds 
formed by the metamorphoses of the previously 
existing tissues. In the bile we find one of these 
compounds of soda. 

Were the bile intended merely for excretion, we 
should find it, more or less altered, and also the 
soda it contains, in the solid eixcrements. But, 
with the exception of common salt, and of sulphate 
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of soda, which occur in all the animal fluids, only 
mere traces of soda are to be found in the faeces. 
The soda of the bile, therefore, at all events, must 
have returned from the intestinal canal into the 
orgaliism, and the same must be true of the organic 
matters which were in combination with it. 

According to the observations of physiologists, a 
man secretes daily from 17 to 24 oz. of bile; a' 
large dog, 36 oz. ; a horse, 37 lbs. (Burdach's Phy- 
siologie, V. p. 260.) But the faeces of a man do 
not on an average weigh more than 5^ oz.; and 
those of a horse 28^ lbs., of which 21 lbs. are water, 
and 7^ lbs. dry faeces. (Boussingault.) The latter 
yield to alcohol only ^th part of their weight of 
soluble matter. 

If we assimne the bile to contain 90 per cent, of 
wateir, a horse secretes daily 692 oz. of bile, con- 
taining 59'2 oz. of solid matter ; while 7^ lbs. or 
120 oz. of dried excrement yield only 6oz. of mat- 
ter soluble in alcohol, which might possibly be 
bile. But this matter is not bile ; when the alco- 
hol is dissipated by evaporation, there remains a 
soft, unctuous mass, altogether insoluble in water, 
and which, when incinerated, leaves no alkaline 

ashes, no soda. (10) 

During the digestive process, therefore, the soda 
of the bile, and, along with it, all the soluble parts 
of that fluid, are returned into the circulation. This 
soda re-appears in the newly-formed blood, and, 
finally, we find it in the urine in the form of phos- 
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phate, carbonate, and hippurate of soda. Berzditis 
found in 1,000 parts of fresh human faeces only nine 
parts of a substance similar to bile ; 5 ounces, there- 
fore, would contain only 21 grains of dried bile, 
equivalent to 210 grains of fresh bile. But a man se- 
cretes daily from 9,640 to 11,520 grains of fluid bile, 
that is, from 45 to 56 times as much as can be detect- 
ed in the matters discharged by the intestinal canal. 

Whatever opinion we may entertain of the accu- 
racy of the physiological experiments, in regard to 
the quantity of bile secreted by the different classes 
of animals ; thus much is certain, that even the max- 
imum of the supposed secretion, in man and in the 
horse, does not contain as much carbon as is given 
out in respiration. With all the fat which is mixed 
with it, or enters into its composition, dried bile 
does not contain more than 69 per cent, of carbon. 
Consequently, if a horse secretes 37 lbs. of bile, this 
quantity will contain only 40 ounces of carbon. 
But the horse expires daily nearly twice as much in 
the form of carbonic acid. A precisely similar pro- 
portion holds good in man. 

Along with the matter destined for the formation 
or reproduction of organs, the circulation conveys 
oxygen to all parts of the body. Now, into what- 
ever combination the oxygen may enter in the 
blood, it must be held as certain, that such of the 
constituents of blood as are employed for reproduc- 
tion, are not materially altered by it. In muscular 
fibre we find fibrine, with all the properties it had 
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in venous blood ; the albumen in the blood does not 
combine with oxygen. The oxygen may possibly 
serve to convert into the gaseous state some unknoT^n 
constituent of the blood; but those well-knoi^n 
constituents, which are employed in reproduction, 
cannot be destined to support the respiratory process ; 
none of their properties can justify such an opinion. 

Without attempting in this place to exhaust the 
whole question of the share taken by the bile in the 
vital operations, it follows, as has been observed, 
from the simple comparison of those parts of the 
food of the camivora which are capable of assimila- 
tion, with the ultimate products into which it is con- 
verted, that all the carbon of the food, except that 
portion which is found in the urine, is given out ai9 
carbonic acid. 

But this carbon was ultimately derived from the 
substance of the metamorphosed tissues ; and this 
being admitted, the question of the necessity of sub- 
stances containing much carbon and no nitrogen in 
the food of the young of the camivora, and in that 
of the graminivora, is resolved in a strikingly simple 
manner. 

XII. It cannot be disputed, that in an adult carni- 
vorous animal, which neither gains nor loses weight, 
perceptibly, from day to day, its nourishment, the 
waste of organised tissue, and its consumption of 
oxygen, stand to each other in a well-defined and 
fixed relation. • 
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The carbon of the carbonic acid given off, with 
that of the urine ; the nitrogen of the urine, and the 
hydrogen given off as ammonia and water ; these 
elements, taken together, must be exactly equal in 
weight to the carbon, nitrogen, and hydrogen of the 
metamorphosed tissues, and since these last are ex^ 
actly replaced by the food, to the carbon, nitrogen, 
and hydrogen of the food. Were this not the case, 
the weight of the animal could not possibly remain 
unchanged. 

But, in the young of the camivora, the weight 
does not remain unchanged ; on the contrary, it in- 
creases from day to day by ap appreciable quantity. 

This £ELCt presupposes, that the assimilative pro- 
cess in the young animal is more energetic, more 
intense, than the process of transformation in the 
existing tissues. Tf both processes were equally ac- 
tive, the weight of the body could not increase ; 
and were the waste by transformation greater, the 
weight of the body would decrease. 

Now, the circulation in the young animal is not 
weaker, but, on the contrary, more rapid ; the res- 
pirations are more frequent; and, for equal bulks, the 
consumption of oxygen must be greater rather than 
smaller in the young than in the adult animal. 
But, since the metamorphosis of organised parts 
goes on more slowly, there would ensue a deficiency 
of those substances, the carbon and hydrogen of 
which are adapted for combination with oxygen ; 
because, in the camivora it is the new compounds, 
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produced by the metamorphosis of organised parts, 
which nature has destined to furnish the necessary 
resistance to the action of the oxygen, and to pro-» 
duce animal heat. What is wanting for these pur- 
poses an infinite wisdom has supplied to the young- 
animal in its natural food. 

The carbon and hydrogen of butter, and the car- 
bon of the sugar of milk, no part of either of which 
can yield blood, fibririe, or albumen, are destined 
for the support of the respiratory process, at an age 
when a greater reisistance is opposed to the meta- 
morphosis of existing organisms ; or, in other words, 
to the production of compounds, which in the adult 
state are produced in quantity amply sufficient for 
the purpose of respiration. 

The young animal receives the constituents of its 
blood in the caseine of the milk. A metamorphosis 
of existing organs goes on, for bile and urine are 
secreted ; the matter of the metamorphosed parts is 
given off in the form of urine, of carbonic acid, and 
of water ; but the butter and sugar of milk also 
disappear ; they cannot be detected in the faeces. 

The butter and sujgar of milk are given out in the 
form of carbonic acid and water, and their conver- 
sion into oxidised products furnishes the clearest 
proof that far more oxygen is absorbed than is re- 
quired to convert the carbon and hydrogen of the 
metamorphosed tissues into carbonic acid and water. 

The change and metamorphosis of organised tis- 
sues going on in the vital process in the young 
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animal, consequently yield, in a given time, much 
less carbon and hydrogen in the fonn adapted for 
the respiratory process than corresponds to the 
oxygen taken up in the lungs. The substance of 
its organised parts would undergo a more rapid con- 
sumption, and would necessarily yield to the action 
of the oxygen, were not the deficiency of carbon 
and hydrogen supplied from another source. 

The continued increase of mass, or growth, and 
the free and unimpeded developement of the organs 
in the young animal, are dependent on the presence 
of foreign substances, which, in the nutritive pro- 
cess, have no other function than to protect the 
newly-formed organs from the action of the oxygen^ 
It is the elements of these substances which unite 
with the oxygen ; the organs themselves could hot 
do so without being consumed; that is, growth, or in- 
crease of mass in the body, the consumption of oxy- 
gen remaining the same, would be utterly impossible. 

Thfe preceding considerations leave no doubt as 
to the purpose for which Nature has added to the 
food of the young of carnivorous mammalia suIh 
stances devoid of nitrogen, which their organism 
cannot employ for nutrition, strictly so called, that 
is, for the production of blood; substances which 
Inay be entirely dispensed with in their tiourishment 
in the adult state. In the young of carnivorous 
birds, the want of all motion is an obvious cause of 
diminished waste in the organised parts; hence,^ 
milk is not provided for them. 
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The nutritiYe process in the camivora thus pre-' 
sents itself in two distinct forms ; one of which M^e 
again meet with in the gramimvora. 

XIII. In the class of graminivorous animals, ^^e 
observe, that during their whole life, their existence 
depends on the supply of substances having a com*- 
position identical with that of sugar of milk, or 
closely resembling it. Every thing that they con- 
sume as food contains a certain quantity of starch, 
or gum, or sugar, mixed with other matters. 

The most abundant and widely-extended of the 
substances of this class is amylon or starch ; it 
occurs in roots, seeds, and stalks, and even in wood, 
deposited in the form of roundish or oval globules, 
which differ from each other in size alone, being 
identical in chemical composition. (11) In the same 
plant, in the pea, for example, we find starch, the 
globules of which differ in size. Those in the 
expressed juice of the stalks have a diameter of 
from -^iz to ihs of an inch, while those in the seed 
are three or four times larger. The globules in 
arrow-root and in potato starch are distinguished 
by their large size ; those of rice and of wheat are 
remarkably small. 

It is well known that starch may be converted 
into sugar by very different means. This change 
occurs in the process of germination, as in malting, 
and it is easily accomplished by the action of acids. 
The metamorphosis of starch into sugar depends 
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simply, as is proved by analysis, on the addition of the 
elements of water. (12) All the carbon of the starch 
is found in the sugar ; none of its elements have been 
separated, and, except the elements of water, no 
foreign element has been added to it in this trans- 
formation. 

In many, especially in pulpy fruits, which when 
unripe are sour and rough to the taste, but when 
ripe are sweet, as, for example, in apples and pears, 
the sugar is produced from the starch which the un- 
ripe fruit contains. 

If we rub unripe apples or pears on a grater to a 
pulp, and wash this with cold water on a fine sieve, 
the turbid liquid which passes through deposits a 
very fine flour of starch, of which not-even a trace 
can be detected in the ripe fruit. Many varieties 
become sweet while yet on the tree ; these are the 
summer or early apples and pears. Others, again, 
become sweet only after having been kept for a cer- 
tain period after gathering. The after-ripening, ns 
this change is called, is a purely chemical process, 
entirely independent of the vitality of the plant. 
When vegetation ceases, the fruit is capable of re- 
producing the species, that is, the kernel, stone, or 
true seed is fiilly ripe, but the fleshy covering from 
this period is subjected to the action of the atmo- 
sphere. Like all substances in a state of erema- 
causis, or decay, it absorbs oxygen, and gives off a 
certain quantity of carbonic acid gas. 

In the same way as the starch in putrefying paste. 
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in which it is in contact with deca3dng gluten, is con- 
verted into sugar, the starch in the aboye-named 
fruits, in a state of decay, or eremacausis, is trans- 
formed into grape sugar. The more starch the un- 
ripe fruit contains, the sweeter does it become when 
ripe. 

A close connection thus exists between sugar and 
starch. By means of a variety of chemical actions, 
which exert no other influence on the elements of 
starch than that of changing the direction of their 
mutual attraction, we can convert starch into sugar,, 
but it is always grape sugar. 

Sugar of milk in many respects resembles 
starch ; (13) it is, by itself, incapable of the vinous i 

fermentation, but it acquires the property of resolv- 
ing itself into alcohol and carbonic acid when it is 
exposed to heat in contact with a substance in the 
state of fermentation (such as putrefying cheese 
in milk). In this case, it is first converted into 
grape sugar; and it undergoes the same transfor- 
mation, when it is kept in contact with acids — 
vrith sulphuric acid, for example — at the ordinary 
temperature. 

Gum has the same composition in 100 parts as 
cane sugar.(14) It is distinguished from the different 
varieties of sugar by its not possessing the property 
of being resolved into alcohol and carbonic acid by 
the process of putrefaction. When placed in con- 
tact with fermenting substances, it undergoes no 
appreciable change, whence we may conclude, with 
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some degree of probability, that its elements, in 
the peculiar arrangement according to which they 
are united, are held together with a stronger force 
than the elements of the different kinds of sugar. 

There is, however, a certain relation between 
gum and sugar of milk, since both of them, when 
treated with nitric acid, yield the same oxidised pro- 
duct, namely, mucic acid, which cannot, under the 
same circumstances, be formed from any of the other 
kinds of sugar. 

In order to shew more distinctly the similarity of 
composition in these different substances, which per- 
form so important a part in the nutritive process of 
the graminivora, let us represent one equivalent of 
carbon by C (= 75*8), and one equivalent of water 
by aqtui (= 112*4), we shall then have for the com- 
position of these substances the following expres- 
sions : — - 

Starch := 12 C + 10 aqua. 

Cajxe Sugar... = 12 C + lOaqua+1 aqua. 

Gum = 12 C+IO aqua+1 aqua. 

Sugar of milk =s 12 C 4- 10 aqua+2 aqua. 
Ghrape Sugar = 12 C + IO aqua +4 aqua. 

For the same number of equivalents of carbon, 
starch contains 10 equivalents, cane-sugar and gum 
11 equivalents, sugar of milk 12 equivalents, and 
grape-sugar 14 equivalents, of water, or the ele- 
ments of water. 
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XTV. In these different substances, some one of 
which is never wanting in the food of the gramni- 
Yora, there is added to the nitrogenised constituents 
of this food, to the vegetable albumen, fibrine, and 
caseine, from which their blood is formed, strictly- 
speaking, only a certain excess of carbon, which the 
animal organism cannot possibly employ to produce 
fibrine or albumen, because the nitrogenised consti- 
tuents of the food already contain the carbon neces- 
sary for the production of blood, and because the 
blood in the body of the camivora is formed without 
the aid of this excess of carbon. 

The function performed in the vital process of 
the graminivora by these substances (sugar, gum, 
&c.) is indicated in a very clear and convincing 
manner, when we take into consideration the very 
small relative amount of the carbon which these 
animals consume in the nitrogenised constituents of 
their food, which bears no proportion whatever to 
the oxygen absorbed through the skin and limgs. 

A horse, for example, can be kept in perfectly 
good condition, if he obtain as food 15 lbs. of hay 
and 4^ lbs. of oats, daily. If we now calculate the 
whole amount of nitrogen in these matters, as ascer- 
tained by analysis (1-5 per cent, in the hay, 2*2 per 
cent, in the oats), (15) in the form of blood, that is, as 
fibrine and albumen, with the due proportion of water 
in blood (80 per cent.), the horse receives daily no 
more than 4^ oz. of nitrogen, corresponding to about 
8 lbs. of blood. But along with this nitrogen, that is, 
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combined with it in the form of fibrine or albumen, 
the animal receives only about 14^ oz. of carbon. 
Only about 8 oz. of this can be employed to support 
respiration, for. with the nitrogen expelled in the 
urine there are combined, in the form of urea, 3 oz., 
and in the form of hippuric acid, 3^ oz., of carbon. 

Without going fiirther into the calculation, it will 
readily be admitted, that the volume of air inspired 
and expired by a horse, the quantity of oxygen con- 
sumed, and, as a necessary consequence, the amount 
of carbonic acid given out by the animal, is much 
greater than in the respiratory process in man. But 
an adult man consumes daily about 14 oz. of carbon, 
and the determination of Boussingault, according to 
which a horse expires 79 oz. daily, cannot be very 
far from the truth. 

In the nitrogenised constituents of his food, there- 
fore, the horse receives rather less than the fifth part . 
of the carbon which his organism requires for the 
support of the respiratory process ; and we see that 
the wisdom of the Creator has added to his food 
the l^ths which are wanting, in various forms, as, 
starch, sugar, &c. with which the animal must be 
supplied, or his organism will be destroyed by the 
action of the oxygen. 

It is obvious, that in the system of the gramini- 
vora, whose food contains so small a proportion, re- 
latively, of the constituents of blood, the process of 
metamorphosis in existing tissues, and consequently 
their restoration or reproduction, must go on far less 
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rapidly than in the camivora. Were this not the 
case, a vegetation a thousand times more luxuriant 
than the actual one would not suffice for their 
nourishment. Sugar, gum, and st§rch, would no 
longer be necessary to support life in these animals, 
because, in that case, the products of the waste, or 
metamorphosis of the organised tissues, would con- 
tain enough of carbon to support the respiratory 
process. 

Man, when confined to animal food, requires for 
his support and nourishment extensive sources of 
food, even more widely extended than the lion and 
tiger, because, when he has the opportunity, he kills 
without eating. 

A nation of hunters, on a limited space, is utterly 
incapable of increasing its numbers beyond a certain 
point, which is soon attained. The carbon neces- 
sary for respiration must be obtained from the ani- 
mals, of which only a limited number can live on 
the space supposed. These animals collect from 
plants the constituents of their organs and of their 
blood, and yield them, in turn, to the savages who 
live by the chase alone. They, again, receive this 
food unaccompanied by those compounds, destitute 
of nitrogen, which, during the life of the animals^ 
served to support the respiratory process. In such 
men, confined to an animal diet, it is the carbon of 
the flesh and of the blood which must take the place 
of starch and sugar. 

But 15 lbs. of flesh contain not more carbon than 
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4 lbs. of starch, (16) and while the savage with one ani-* 
mal and an equal weight of starch could maintain life 
and health for a certain number of days, he would 
be compelled, if confined to flesh, in order to pro- 
cure the carbon necessary for respiration, during the 
same time, to consume five such animals. 

It is easy to see, from these considerations, how 
close the connection is between agriculture and the 
multiplication of the human species. The cultivation 
of our crops has ultimately no other object than the 
production of a maximum of those substances which 
are adapted for assimilation and respiration, in the 
smallest possible space. Grain and other nutritious 
vegetables yield us, not only in starch, sugar, and 
gum, the carbon which protects our organs from the 
action of oxygen, and produces in the organism the 
heat which is essential to life, but also in the form 
of vegetable fibrine, albumien, and caseine, our 
blood, from which the other parts of our body are 
developed. 

Man, when confined to animal food, respires, like 
the camivora, at the expense of the matters pro- 
duced by the metamorphosis of organised tissues ; 
and, just as the lion, tiger, hyaena, in the cages of a 
menagerie, are compelled to accelerate the waste of 
the organised tissues by incessant motion, in order to 
furnish the matter necessary for respiration, so, the 
savage, for the very same object, is forced to make 
the most laborious exertions, and go through a vast 
amount of muscular exercise. He is compelled to 
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eonsume force merely in order to supply matter for 
respiration. 

Cultivation is the economy of force. Science 
teaches us the simplest means of obtaining the 
greatest effect with the smallest expenditure of 
power, and with given means to produce a maxi- 
mum of force. The unprofitable exertion of power, 
the waste of force in agriculture, in other branches 
of industry, in science, or in social economy, is 
characteristic of the savage state, or of the want of 
cultivation. 

XV. A comparison of the urine of the camivora 
with that of the graminivora shews very clearly, that 
the process of metamorphosis in the tissues is differ- 
ent, both in form and in rapidity, in the two classes 
of animals. 

The urine of carnivorous animals is acid, and 
contains alkaline bases united with uric, phosphoric, 
and sulphuric acids. We know perfectly the source 
of the two latter acids. All the tissues, with the 
exception of cellular tissue and membrane, contain 
phosphoric acid and sulphur, which latter element 
is converted into sulphuric acid by the oxygen of 
the arterial blood. In the various fluids of the 
body there are only traces of phosphates or sul- 
phates, except in the urine, where both are found 
in abundance. It is plain that they are derived 
from the metamorphosed tissues; they enter into 
the venous blood in the form of soluble salts, and 
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are separated firom it . in its passage through the 
kidneys. 

The urine of the graminivora is alkaline ; it con- 
tains alkaline carbonates in abundance^ and so small 
a portion of alkaline phosphates as to ha^^ been 
overlooked by most observers. 

The deficiency or absence of alkaline phosphates 
in the urine of the graminivora, obviously indicates 
the slowness with which the tissues in this class of 
animals are metamorphosed ; for if we assume that 
a horse consumes a quantity of vegetable fibrine 
and albumen corresponding to the amount of nitro- 
gen in his daily food (about 4^ oz.), and that the 
quantity of tissue metamorphosed is equal to that 
newly formed, then the quantity of phosphoric acid 
which on these suppositions would exist in the urine 
is not so small as not to be easily detected by 
analysis in the daily secretion of urine (3 lbs. accord- 
ing to Boussingault) ; for it would amount to 0*8 per 
cent. But, as above stated, most observers have 
been unable to detect phosphoric acid in the urine 
of the horse. 

Hence it is obvious, that the phosphoric acid, 
which in consequence of the metamorphosis of 
tissues is produced in the form of soluble alkaline 
phosphates, must re-enter the circulation in this class 
of animals. It is there employed in forming brain 
a.nd nervous matter, to which it is essential, and also, 
no doubt, in contributing to the supply of the earthy 
part of the bones. It is probable, however, that 
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the greater part of the earth of bones is obtained by 
the direct assimilation of phosphate of lime, while 
the soluble phosphates are better adapted for the 
production of nervous matter. 

In the graminivora, therefore, whose food con- 
tains so small a proportion of phosphorus or of 
phosphates, the organism collects all the soluble 
phosphates produced by the metamorphosis of tis- 
sues, and employs them for the developement of the 
bones and of the phosphorised constituents of the 
brain ; the organs of excretion do not separate these 
salts from the blood. The phosphoric acid which, 
by the change of matter, is separated in the uncom- 
bined state, is not expelled from the body as phos- 
phate of soda ; but we find it in the solid excre- 
ments in the form of insoluble earthy phosphates. 

XVI. If we now compare the capacity for in- 
crease of mass, the assimilative power in the grami- 
nivora and camivora, the commonest observations 
indicate a very marked difference. 

A spider, which sucks with extreme voracity the 
blood of the first fly, is not disturbed or excited by 
a second or third. A cat will eat the first, and per- 
haps the second mouse presented to her, but even 
if she kills a third, she does not devour it. Exactly 
similar observations have been made in regard to 
lions and tigers, which only devour their prey when 
urged by hunger. Carnivorous animals, indeed, re- 
quire less food for their mere support, because their 
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skin is destitute of perspiratory pores, and because 
they consequently lose, for equal bulks, much less 
heat than graminivorous animals, which are com- 
pelled to restore the lost heat by means of food 
adapted for respiration. 

How different is the energy and intensity of 
vegetative life in the graminivora. A cow, or a 
sheep, in the meadow, eats, almost without interrup- 
tion, as long as the sun is above the horizon. Their 
system possesses the power of converting into or- 
ganised tissues all the food they devour beyond the 
quantity required for merely supplying the waste of 
their bodies. • 

All the excess of blood produced is converted 
into cellular and muscular tissue ; the graminfvorous 
animal becomes fleshy and plump, while the flesh 
of the carnivorous animal is always tough and 
sinewy. 

If we consider the case of a stag, a roe-deer, 
or a hare, animals which consume the same food as 
cattle and sheep, it is evident that, when well sup- 
plied with food, their growth in size, their fattening, 
must depend on the quantity of vegetable albumen, 
fibrine, or caseine, which they consume. With free 
and unimpeded motion and exercise, enough of 
oxygen is absorbed to consume the carbon of the 
gum, sugar, starch, and of all similar soluble consti- 
tuents of their food. 

But all this is very differently arranged in our 
domestic animals, when, with an abundant supply 
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of food, we check the processes of cooling and ex- 
halation, as we do when we feed them in stables, 
where free motion is impossible. 

The stall-fed animal eats, and reposes merely for 
digestion. It devours in the shape of nitrogenised 
compounds far more food than is required for repro- 
duction, or the supply of waste alone ; and at the 
same time it eats far more of substances devoid of 
nitrogen than is necessary merely to support res- 
piration and to keep up animal heat. Want of 
exercise and diminished cooling are equiTalent to a i 

deficient supply of oxygen ; for when these circum- 
stances occur, the animal absorbs much less oxygen 
than is required to convert into carbonic acid the 
carbon of the substances destined for respiration. 
Only a small part of the excess of carbon thus occa- 
sioned is expelled from . the body in the horse and 
ox, in the form of hippuric acid ; and all the remain- 
der is employed in the production of a substance 
which, in the normal state, only occurs in small 
quantity as a constituent of the nerves and brain. 
This substance \%fat. 

In the normal condition, as to exercise and labour, 
the urine of the horse and ox contains benzoic acid 
(with 14 equivalents of carbon); but as soon as the 
animal is kept quiet in the stable, the urine contains 
hippuric acid (with 18 equivalents of carbon). 

The flesh of wild animals is devoid of fat ; while 
that of stall-fed animals is covered with that sub- 
stance. When the fattened animal is allowed to 
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move more freely in the air, or compelled to draw 
heavy burdens, the fat again disappears. 

It is evident, therefore, that the formation of fat 
in the animal body is the result of a veant of due 
proportion betveeen the food taken into the stomach 
and the oxygen absorbed by the lungs and the skin. 

A pig, when fed with highly nitrogenised food, 
becomes full of flesh; when fed with potatoes 
(starch) it acquires little flesh, but a thick layer of 
felt. The milk of a cow, when stall-fed, is very rich 
in butter, but in the meadow is found to contain 
more caseine, and in the same proportion less butter 
and sugar of milk. In the human female, beer and 
farinaceous diet increase the proportion of butter 
in the milk ; an animal diet yields less milk, but it 
is richer in caseine. 

If we reflect, that in the entire class of camivora, 
the food of which contains no substance devoid of 
nitrogen except fat, the production of fat in the body 
is utterly insignificant ; that even in these animals, 
as in dogs and cats, it increases as soon as they live 
on a mixed diet ; and that we can increase the forma- 
tion of fat in other domestic animals at pleasure, but 
only by means of food containing no nitrogen ; we 
can hardly entertain a doubt that such food, in its 
various forms of starch, sugar, &c., is closely con- 
nected with the production of fat. 

In the natural course of scientific research, we 
draw conclusions from the food in regard to the 
tissues or substances formed from it ; from the ni* 
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trogenised constituents of plants we draw certain 
inferences as to the nitrogenised constituents of the 
blood ; and it is quite in accordance with this, the 
natural method, that we should seek to establish the 
relations of those parts of our food which are devoid 
of nitrogen and those parts of the body which con- 
tain none of that element. It is impossible to over- 
look the very intimate connection between them. 

If we compare the composition of sugar of milk, 
of starch, and of the other varieties of sugar, with 
that of mutton and beef suet and of human fat, we 
find that in all of them the proportion of carbon to 
hydrogen is the same, and that they only differ in 
that of oxygen. 

According to the analyses of Chevreul, mutton 
fat, human fat, and hog's lard contain 79 per cent, 
of carbon to ll'l, 11'4, and 11'7 per cent, of hy- 
drogen respectively. (16) 

Starch contains 44*91 carbon to 6*11 hydrogen 
Oum and sugar 42^58 -^— — to 6*37 ditto* (17) 

It is obvious that these numbers, representing 
the relative proportions of carbon and hydrogen in 
starch, gum, and sugar, are in the same ratio as the 
carbon and hydrogen in the different kinds of fat ; for 

44*91 : 611 = 79 : 10*99 
42*58 : 6*37 = 79 : 11*80 

From which it follows, that sugar, starch, and gum, 
by the mere separation of a part of their oxygen, 
may pass into fat, or at least into a substance having 
exactly the composition of fat. If from the formula 



DOMESTICATED ANIMALS. 85 

of starch, CjaHjoOio, we take 9 equivalents of oxy- 
gen, there will remain in 100 parts — 

Cb 79-4 

H,o 10-8 

O 98 

The empirical formula of fat which comes nearest 
to this is C,iHioO, which gives in 100 parts — 

Cn 78-9 

Hio ., • 11(5 

O 9.5 

According to this formula, an equivalent of 
starch, in order to be changed into fat, would lose 1 
equivalent of carbonic acid, COg, and 7 equivalents 
of oxygen. 

Now the composition of all saponifiable fatty 
bodies agrees very closely with one or other of 
these two formulae. 

If from 3 equivalents of sugar of milk, SCuHujOia 
= CgflHaflOgfl , we take away four equivalents of wa- 
ter and 31 of oxygen, there will remain CgoHaaO, a 
formula which accurately represents the composition 
of cholesterine, the fat of bile. (18) 

Whatever views we may entertain regarding the 
origin of the fatty constituents of the body, this 
much at least is undeniable, that the herbs and roots 
consumed by the cow contain no butter; that in 
hay or the other fodder of oxen no beef suet exists ; 
that no hog's lard can be found in the potato refuse 
given to swine ; and that the food of geese or fowls 
contains no goose fat or capon fat. The masses of 
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fat found in the bodies of these animals are formed 
in their organism ; and when the ftdl value of this 
fact is recognized, it entitles us to conclude that a 
certain quantity of oxygen, in some form or other, 
separates from the constituents of their food; for 
without such a separation of oxygen, no fat could 
possibly be formed from any one of these sub- 
stances. 

The chemical analysis of the constituents of the 
food of the graminivora shews in the clearest man- 
ner that they contain carbon and oxygen in certain 
proportions ; which, when reduced to equivalents, 
yield the following series : — 

In vegetable fibrine, albumen, and caseine, there are con- 
tained, for 120 eq. carbon, 36 eq. oxygen 

In starch 120 100 

In cane sugar 120 110 

In gum 120. 110 

In sugar of milk 120 120 

In grape sugar 120 140 

Now in all fatty bodies there are contained, on an 
average — 

for 120 eq.carb. only 10 eq. oxygen. 

Since the carbon of the fatty constituents of the 
animal body is derived from the food, seeing that 
there is no other source whence it can be derived, 
it is obvious, if we suppose fat to be formed from 
albumen, fibrine, or caseine, that, for every 120 equi- 
valents of carbon deposited as fat, 26 equivalents of 
oxygen must be separated from the elements of these 
substances; and further, if we conceive fat to be 
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formed from starch, sugar, or sugar of milk, that for 
the same amount of carbon there must be separated 
90, 100, and 110 equivalents of oxygen from these 
compounds respectively. 

There is, therefore, but one way in which the 
formation of fat in the animal body is possible, and 
this is absolutely the same in which its formation in 
plants takes place ; it is a separation of oxygen from 
the elements of the food. 

The carbon which we find deposited in the seeds 
and fixiits of vegetables, in the form of oil and fat, 
was previously a constituent of the atmosphere, and 
was absorbed by the plant as carbonic acid. Its 
conversion into fat was accomplished under the in- 
fluence of light, by the vital force of the vegetable ; 
and the greater part of the oxygen of this carbonic 
acid was returned to the atmosphere as oxygen 
gas.* 

In contradistinction to this phenomenon of vitality 
in plants, we know that the animal system absorbs 
oxygen from the atmosphere, and that this oxygen 
is again given out in combination with carbon or 
hydrogen ; we know, that in the formation of car- 
bonic acid and water, the heat necessary to sustain 
the constant temperature of the body is produced, 
and that a process of oxidation is the only source of 
animal heat. 

Whether fat be formed by the decomposition of 

* See Appendix, No. 19, on the formation of wax and honey 
by the bee. 
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fibrine and albumen, the chief constituents of blood, 
or by that of starch, sugar, or gum, this decomposi- 
tion must be accompanied by the separation of oxy- 
gen from the elements of these compounds. But 
this oxygen is not given out in the free state, be- 
cause it meets in the organism with substances 
possessing the property of entering inth combination 
with it. In fact, it is given out in the same forms 
as that which is absorbed from the atmosphere by 
the skin and lungs. 

It is easy to see, from the above considerations, 
that a very remarkable connection exists between 
the formation of fat and the respiratory process. 

XVIII. The abnormal condition, which causes 
the deposit of faA in the animal body, depends, as 
was formerly stated, on a disproportion between the 
quantity of carbon in the food and that of oxygen 
absorbed by the skin and lungs. In the normal 
condition, the quantity of carbon given out is ex- 
actly equal to that which is taken in the food, and 
the body acquires no increase of weight from the 
accumulation of substances containing much carbon 
and no nitrogen. 

If we increase the supply of highly carbonised 
food, then the normal state can only be preserved 
on the condition that, by exercise and labour, the 
waste of the body is increased, and the supply of 
oxygen augmented in the same proportion. 

The production of fat is always a consequence of 
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a deficient supply of oxygen, for oxygen is abso- 
lutely indispensable for the dissipation of the excess 
of carbon in the food. This excess of carbon, de-. 
posited in the form of fat, is never seen in the 
Bedouin or in the Arab of the desert, who exhibits 
with pride to the traveller his lean, muscular, sinewy 
limbs, altogether free frt>m fat ; but in prisons and 
jails it appears as a puffiness in the inmates, fed, as 
they are, on a poor and scanty diet ; it appears in 
the sedentary females of oriental countries ; and 
finally, it is produced under the well-known condi- 
tions of the fisittening of domestic animals. 

The formation of fiit depends on a deficiency of 
oxygen ; but in this process, in the formation of fat 
itself, there is opened up a new source of oxygen, a 
new cause of animal heat. 

The oxygen set free in the formation of fat is 
given out in combination with carbon or hydrogen ; 
and whether this carbon and hydrogen proceed from 
the substance that yields the oxygen, or fr(»n other 
compounds, still there must have been generated by 
this formation of carbonic acid or water as much 
heat as if an equal weight of carbon or hydrogen 
had been burned in air or in oxygen gas. 

If we suppose that from 2 equivalents of starch 
18 equivalents of oxygen are disengaged, and that 
these 18 equivalents of oxygen combine with 9 
equivalents of carbon, from the bile, for example, 
no one can doubt that, in this case, exactly as much 
heat must be developed, as if these 9 equivalents of 
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carbon had been directly burned. In this form, 
therefore, the disengagement of heat as a conse- 
quence of the formation of fat would be undeni- 
able ; and it could only be considered hypothetical, 
on the supposition that carbon and oxygen ^were 
disengaged from one and the same substance, in the 
proportions to yield carbonic acid. 

If, for example, we suppose that from 2 atoms 
of starch, Cj^HjoO^ the elements of 9 equivalents 
of carbonic acid are separated, there will remain a 
compound containing, for 15 equivalents of carbon, 
20 of hydrogen and 2 of oxygen ; far 

CmHsoOjo = C9O18 + GuHsoO]. 

Or, if we assume that oxygen is separated from 
starch in the form both of carbonic acid and water, 
then, after subtracting the elements of 6 equivalents 
of water and 6 of carbonic acid, there would remain 
the compound C18H14O, ; for 

Assuming, then, the separation of oxygen in either 
of these forms, it remains to be decided whether the 
carbonic acid and water given off were contained, as 
stick, in the starch, or not. 

If they were ready formed in the starch, the 
separation might occur without the disengagement 
of heat ; but if the carbon and hydrogen were pre- 
sent in any other form in the starch (or in the com- 
pound from which the fat was produced), it is obvious 
that a change in the arrangement of the atoms must 
have occurred, in consequence of which the atoms 



1 
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of the carbon and of the hydrogen have united with 
those of the oxygen, to form carbonic acid and water. 

Now, so far as chemical researches have gone, 
our knowledge of the constitution of starch, and of 
the varieties of sugar, will justify no other conclu- 
sion than this, that these substances contain no ready 
formed carbonic acid. 

We are acquainted with a large number of pro- 
cesses of metamorphosis of a similar kind, in which 
the elements of carbonic acid and water are sepa- 
rated from certain pre-existing compounds ; and we 
know with certainty that all these processes are 
accompanied by a disengagement of heat, exactly 
as if the carbon and hydrogen combined directly 
with oxygen. 

Such a disengagement of carbonic acid, for ex- 
ample, occurs in all processes of fermentation or 
putrefaction, which are, without exception, accom- 
panied with the generation of heat. 

In the fermentation of a saccharine solution, in 
consequence of a new arrangement of the elements 
of the sugar, a certain part of its carbon and oxygen 
unite to form carbonic acid, which separates as gas ; 
and as another result of this decomposition, we ob- 
tain a volatile combustible liquid, containing little 
oxygen, namely, alcohol. 

If we add to 2 equivalents of sugar the elements of 
12 equivalents of water, and subtract from the sum 
of the atoms 24 equivalents of oxygen, there re- 
main 6 equivalents of alcohol. 
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(GmHmOm + HuOb) — Om = Cs4HmOu « 6 eq, alcoliol. 

These 24 equivalents of oxygen suffice to oxidise 
completely a third equivalent of sugar — ^that is, to 
convert its carbon into carbonic acid and its hydro- 
gen into water, and by this oxidation we recover the 
12 equivalents of water supposed to be added in the 
former part of the process, exactly as if this water 
had taken no share in it. 

CuHuOm + 0« = 12C0, + 12H0. 

According to the ordinary view, 12 equivalents of 
carbonic acid separate from 3 of sugar, yielding 6 
of alcohol — ^that is, exactly the same amount of these 
products as if two-thirds of the sugar had yielded 
oxygen to the remaining third, so as completely to 
oxidise its elements. 

By a comparison of these two methods of repre- 
senting the same change, it will easily be seen that 
the division or splitting of a compound like sugar 
into carbonic acid, on the one hand, and a compound 
containing little oxygen, on the other, is in its results 
perfectly equivalent to a separation of oxygen from 
a certain portion of the compound and the oxidation 
or combustion of another portion of it at the ex- 
pense of this oxygen. 

It is well known that the temperature of a fer- 
menting liquid rises ; and if we assume that a hogs- 
head of wort, holding 1,200 litres = 2,400 lbs., 

* For an explanation of the formulae and equations employed, 
see the Introduction to the Appendix. 
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French weight, oontains 16 per cent, of sugar, in all 
384 lbs., then, during the fermentation of this sugar, 
an amount of heat must be generated equal to that 
which would be produced by the combustion of 
51 lbs, of carbon. 

This is equal to a quantity of heat by which 
every pound of the liquid might be heated by 
297'9''; that is, supposing the decomposition of 
the sugar to occur in a period of time too short 
to be measured. This is well known not to be 
the case; the fermentation lasts five or six days, 
and each pound of liquid receives the 297*9 de* 
grees of heat during a period of 120 hours. In 
each hour there is, therefore, set free an amount 
of heat capable of raising the temperature of each 
pound of liquid 1*4 degree; a rise of tempera* 
ture which is very powerfully counteracted by ex- 
ternal cooling and by the vaporization of alcohol 
and water. 

The formation of fat, like other analogous phe<- 
nomena in which oxygen is separated in the form 
of carbonic acid, is consequently accompanied by a 
disengagement of heat. This change supplies tp 
the animal body a certain proportion of the oxygen 
indispensable to the vital processes ; and this espe^ 
cially in those cases in which the oxygen absorbed 
by the skin and lungs is not sufficient to convert 
into carbonic acid the whole of the carbon adapted 

for this combination. 

*• 
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' This excess of carbon, as it cannot be employed to 
form a part of any organ, is deposited in the cellular 
tissue in the form of tallow or oil. 

At every period of animal life, when there occurs 
a disproportion between the carbon of the food and 
the inspired oxygen, the latter being deficient, fat 
tnust be formed. Oxygen separates from existing^ 
compounds, and this oxygen is given out as carbonic 
acid or water. The heat generated in the formation 
of these two products contributes to keep up the 
temperature of the body. 

Every pound of carbon which obtains the oxy- 
gen necessary to convert it into carbonic acid from 
substances which thereby pass into fat, must dis- 
engage as much heat as would raise the tempera- 
ture of 200 lbs. of water by 70^ — that is, from 32° 
to 102^ 

Thus, in the formation of fat, the vital force pos- 
sesses a means of counteracting a deficiency in the 
■supply of oxygen, and consequently in that of the 
heat indispensable for the vital process. 

Experience teaches us that in poultry, the maxi^ 
mum of fat is obtained by tying the feet, and by a 
medium temperature. These animals in such cir- 
cumstances may be compared to a plant possessing 
in the highest degree the power of converting all 
food into parts of its own structure. The excess of 
the . constituents of blood forms flesh and other 
organised tissues, while that of starch, sugar, &c., 
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is converted into fat. When animals are fattened 
on food destitute of nitrogen, only certain parts of 
their structure increase in size. Thus, in a goose, 
fattened in the method above alluded to, the liver 
becomes three or four times larger than in the same 
animal, when well fed with free motion, while we 
cannot say that the organised structure of the liver 
is thereby increased. The liver of a goose fed in the 
ordinary way is firm and elastic ; that of the im- 
prisoned animal is soft and spongy. The difference 
consists in a greater or less expansion of its cells, 
which are filled with fat. 

In some diseases, the starch, sugar, &c., of the 
food obviously do not undergo the changes which 
enable them to assist in respiration, and consequently 
to be converted into fat. Thus, in diabetes mellitus, 
the starch is only converted into grape sugar, which 
is expelled from the body without further change. 

In other diseases, as for el^ample in inflammation 
of the liver, we find the blood loaded with fat and 
oil ; and in the composition of the bile there is 
nothing at all inconsistent with the supposition that 
some of its constituents may be transformed into fat. 

XIX. According to what has been laid down in 
the preceding pages, the substances of which the 
food of man is composed may be divided into two 
classes ; into nitrogenised and non-nitrogenised. The 
former are capable of conversion into blood ; the 
latter incapable of this transformation. 
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Out of those substances which are adapted to the 
fonnation of blood are formed all the organised 
tissues. The other class of substances, in the normal 
state of health, serve to support the process of res- 
piration. The former may be called the plastic ete-^ 
nients of nutrition; the latter, dements of respircUion. 

Among the former we reckon — 

Vegetable fibrine. 
Vegetable albumen. 
Vegetable caseine. 
Animal flesh. 
Animal blood. 

Among the elements of respiration in our food, 
are — 



Fat. 


Pectine. 


Starch. 


Bassorine. 


Ghim. 


Wine. 


Cane Sugar. 


Beer. 


Ghrape Sugar. 


Spirits. 


Sugar of milk. 





XX. The most recent and exact researches have 
established as a universal fact, to which nothing yet 
known is opposed, that the nitrogenised constituents 
of vegetable food have a composition identical with 
that of the constituents of the blood. 

No nitrogenised compound, the composition of 
which differs from that of fibrine, albumen, and 
caseine, is capable of supporting the vital process in 
animals. 

The animal organism unquestionably possesses the 
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power of fonning, from the constituents of its blood, 
the substance of its membranes and cellular tissue, 
of the nerves and brain, of the organic part of carti- 
lages and bones. But the blood must be supplied 
to it ready formed in every thing but its form — ^that 
is, in its chemical composition. If this be not done, 
a period is rapidly put to the formation of blood, 
and consequently to life. 

This consideration enables us easily to explain 
how it happens that the tissues yielding gelatine or 
choridrine, as, for example, the gelatine of skin or of 
bones, are not adapted for the support of the vital 
process ; for their composition is different from that 
of fibrine or albumen. It is obvious that this means 
nothing more than that those parts of the animal 
organism which form the blood do not possess the 
power of effecting a transformation in the arrange- 
ment of the elements of gelatine, or of those tissues 
which contain it. The gelatinous tissues, the gela- 
tine of the bones, the membranes, the cells, and the 
skin, suffer, in the animal body, under the influence 
of oxygen and moisture, a progressive alteration ; a 
part of these tissues is separated, and must be re- 
stored from the blood ; but this alteration and re- 
storation is obviously confined within very narrow 
limits. 

While, in the body of a starving or sick individual, 
the fat disappears, and the muscular tissue takes 
once more the form of blood, we find that the ten- 
dons and membranes retain their natural condition ; 

H * 
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the limbs of the dead body retain their connections^ 
which depend on the gelatinous tissues. 

On the other hand, we see that the gelatine of 
bones devoured by a dog entirely disappears, while 
only the bone earth is found in his excrements. 
The same is true of man, when fed on food rich 
in gelatine, as, for example, strong soup. The gela- 
tine is not to be found either in the urine or in the 
faeces, and consequently must have undergone a 
change, and must have served some purpose in the 
animal economy. It is clear, that the gelatine must 
be expelled from the body in a form different from 
that in which it was introduced as food. 

When we consider the transformation of the 
albumen of the blood into a part of an organ com- 
posed of fibrine, the identity in composition of the 
two substances renders the change easily conceivable. 
Indeed we find the change of a dissolved substance 
into an insoluble organ of vitality, chemically speak- 
ing, natural and easily explained, on account of thip 
very identity of composition. Hence the opinion is 
not unworthy of a closer investigation, that gelar 
tine, when taken in the dissolved state, is again con- 
verted, in the body, into cellular tissue, membrane 
and cartilage ; that it may serve for the reproduction 
of such parts of these tissues as have been wasted, 
and for their growth. 

And when the powers of nutrition in the whole 
body are affiscted by a change of the health, then, 
even should the power of forming blood remain the 



NOURISH THE GELATINOUS TISSUES. 99 

same, the organic force by which the constituents 
of the blood are transfonned into cellular tissue and 
membranes must necessarily be enfeebled by sick- 
ness. In the sick man, the intensity of the vital 
force, its power to produce metamorphoses, must be 
diminished as well in the stomach as in all other 
parts of the body. In this condition, the uniform 
experience of practical physicians shews that gela- 
tinous matters in a dissolved state exercise a most 
decided influence on the state of the health. Given 
in a form adapted for assimilation, they serve to 
husband the vital force, just as may be done, in the 
case of the stomach, by due preparation of the food 
in general. Brittleness in the bones of graminivo- 
rous animals is clearly owing to a weakness in those 
parts of the organism whose function it is to convert 
the constituents of the blood into cellular tissue 
and membrane ; and if we can trust to the reports 
of physicians who have resided in the East, the 
Turkish women, in their diet of rice, and in the 
frequent use of enemata of strong soup, have united 
the conditions necessary for the formation both of 
cellular tissue and of fat. 
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1. The absolute identity of composition in the 
chief constituents of blood and the nitrogenised 
compounds in vegetable food would, some years ago, 
have furnished a plausible reason for denying the 
accuracy of the chemical analyses leading to such a 
result. At that period, experiment had not as yet 
demonstrated the existence of numerous compounds, 
both containing nitrogen and devoid of that element, 
which, with the greatest diversity in external charac- 
ters, yet possess the very same composition in 100 
parts ; nay, many of which even contain the same 
absolute amount of equivalents of each element. 
Such examples are now very frequent, and are 
known by the names of isomeric and polymeric 
compounds. 

2. Cyanuric acid, for example, is a nitrogenised 
compound which crystallizes in beautiful transparent 
octahedrons, easily soluble in water and in acids, 
and very permanent. Cyamelide is a second body, 
absolutely insoluble in water and acids, white 
and opaque like porcelain or magnesia. Hydrated 
cyanic acid is a third compound, which is a liquid, 
more volatile than pure acetic acid, which blisters 
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the skin, and cannot be brought in contact with 
water without being instantaneously resolved into 
new products. These three substances not only 
yield, on analysis, absolutely the same relative 
weights of the same elements, but they may be 
converted and reconverted into one another, even 
in hermetically closed vessels — ^that is, without the 
aid of any foreign matter. (See Appendix, 21.) 
Again, among those substances which contain no 
nitrogen^ we have aldehyde, a combustible liquid 
miscible with water, which boils at the temperature 
of the hand, attracts oxygen from the atmosph^ere 
with avidity, and is thereby changed into acetic acid. 
This compound cannot be preserved, even in close 
vessels ; for after some hours or days^ its^ consistence,. 
its volatility, and its power of absorbing oxygen, all 
are changed. It deposits long, hard, needlenshaped 
crystals, which at 212** are not volatilized, and the 
supernatant liquid is no Icnager aldehyde. It now 
boils at 140^ cannot be mixed with water, and wh^Ei 
cooled to a moderate degree crystallizes im a form* 
like ice. Nevertheless, analysis has proved^ that 
these three bodies, so different in their characters, 
are identical in composition. (21) 

3. A similar group of three occurs in the case of 
albumen, fibrine, and caseine* They differ in exter- 
nal character, but contain, exactly the some propoir- 
tions of organic elements. 

When, animid albumen, fibrme, and caseine are 
dissolved in a moderately strong solution of caustic 
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potasb, and the solution is exposed for some time 
to a high temperature, these substances are decoin-- 
posed. The addition of acetic acid to the solution 
causes, in all three, the separation of a gelatinous 
transhucent precipitate, which has exactly the sauie 
characters and composition, from whichever of the 
three substances above mentioned it has been oIh 
tained. 

MuLDStt, to whom we owe the discovery of this 
compound, found, by exact and carefal analysis, that 
it contains the same organic elements, and exactly 
in the same proportion, as the animal matters from 
which it is prepared ; insomuch, that if we deduct 
from the analysis of albumen, fibrine, and casein^ 
the ashes they jrield, when incinerated, as well as 
the sulphur and phosphorus they contain^ and then 
calculate the remainder for 100 parts^ we obtain 
the same result as in the analysis of the precipitate 
above described, prepared by potash, which is free 
from inorganic matter. (22) 

Viewed in this li^t, the chief constituents of the 
blood and the caseine of milk may be regarded as 
compounds of phosphates and other salts, and of 
sulphur and phosphorus, with a compound of carbon, 
nitrogen, hydrogen, and oxygen, in which the rela- 
tive proportion of these elements is invariable ; and 
this compound may be considered as the com- 
mencement and starting-point of all other animal 
tissues, because these are all produced from the 
blood. 
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These considerations induced Mulder to give to 
this product of the decomposition of albumen, &c. 
by potash, the name of proteine (from Trpwreoio, " I 
take the first rank "). The blood, or the constitu- 
ents of the blood, are consequently compounds of 
this proteine with variable proportions of inorganic 
substances. 

Mulder further ascertained, that the insoluble 
nitrogenised constituent of wheat flour (vegetable 
fibrine), when treated with potash, yields the very 
same product, proteine; and it has recently been 
proved that vegetable albumen and caseine are 
acted on by potash precisely as animal albumen 
and caseine are. 

4. As far, therefore, as our researches have 
gone, it may be laid down as a law, founded on 
experience, that vegetables produce, in their organ- 
ism, compounds of proteine ; and that out of these 
compounds of proteine the various tissues and parts 
of the animal body are developed by the vital force, 
with the aid of the oxygen of the atmosphere and 
of the elements of water.* 

* The experiment of Tiedemann and Ghnelin, who found it im- 
possible to sustain the life of geese by means of boiled white of 
egg, may be easily explained, when we reflect that a graminivo- 
IOU8 animal, especially when deprived of free motion, cannot 
pbtain, from the transformation or waste of the tissues alone, 
enough of carbon for the respiratory process. 2 lbs. of albumen 
contain only 3|- oz. of carbon, of which, among the last products 
of transformation, a fourth part is given off in the form of uric 
acid. 
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N0W9 although it cannot be demonstrated that 
proteine exists ready formed in these vegetable and 
animal products, and although the difference iii 
their properties seems to indicate that their ele- 
ments are not arranged in the same manner, yet 
the hypothesis of the pre-existence of proteine, as 
a point of departure in developing and comparing 
their properties, is exceedingly convenient. At all 
events, it is certain that the elements of these com- 
pounds assume the same arrangement when acted 
on by potash at a high temperature. 

All the organic nitrogenised constituents of the 
body, how different soever they may be in composi- 
tion, are derived from proteine. They are formed 
from it, by the addition or subtraction of the ele- 
ments of water or of oxygen, and by resolution 
into two or more compounds. 

5^ This proposition must be received as an un- 
deniable truth, when we reflect on the develope- 
ment of the young animal in the egg of a fowl. 
The egg can be shewn to contain no other nitro- 
genised compound except albumen. The albumen 
of the yolk is identical with that of the white ; (23) 
the yolk contains, besides, only a yellow fat, in 
which cholesterine and iron may be detected. Yet 
we see, in the process of incubation, during which 
no food and no foreign matter, except the oxygen 
of the air, is introduced, or can take part in the 
developement of the animal, that out of the albu- 
men, feathers, claws, globules of the blood, fibrine, 
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membrane and cellular tissue, arteries and veins, 
are produced. The £ett of the jolk maj have con-^ 
tributed, to a certain extent, to the formation of 
the nerves and brain ; but the carbon of this fat 
cannot have been employed to produce the organ-^ 
ised tissues in which vitality resides, because the 
albun^n of the white and of the yolk already con- 
tainSy for the quantity of nitrogen present, exactly 
the proportion of carbon required for the formation 
of these tissues. 

6. The true starting-poiitt for all the tissues is, 
consequently, albumen ; all nitrogenised articles of 
food, whether derived from the animal or from the 
vegetable kingdom, ate converted into albumen 
before they can take part in the process of nutri- 
tion. 

All the food consumed by an animal becomes in 
the stomach soluble, and capable of Altering into 
the circulation. In the process by which this solu- 
tion is efSscted, only one fluid, besides the oxygen 
of the air, takes a part ; it is that which is secreted 
by the lining membrane of the stomach. 

The most decisive experiments of physiolo^ts 
have shewn that the process of chymificaticm is 
indepentd^it of the vital force ; that it takes place 
in virtue of a purely chemical aetioir, exactly simi- 
lar to those processes of decomposition or transfor- 
mation which are known as putr^action, fermentdr 
tion, or decay (ere^iacausis). 

7. When expressed in the simplest form, fer- 
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mentatioBy or putrefaction, may be desoibed as a 
process of transformation — that is, a new arrange* 
ment of the elementary particles, or atoms, of a 
compound, yielding two or more new groups or 
compounds, and caused by contact with other sub^ 
stances, the elem^itary particles of which are them* 
selves in a state of transformation or decomposition. 
It is a communication, or an imparting of a state of 
motion, whidi the atoms of a body in a state of 
motion are capable of producing in other bodies, 
whose elementary particles are held together only 
by a feeble attraction. 

8. Thus the clear gastric juice contains a sub* 
stance in a state of transformation, by the con- 
tact of which with those constituents of the food 
which, by themselves, are insoluble in water, the 
latter acquire, in virtue of a new grouping of 
their atoms, the property of dissolving in that fluid. 
During digestion, the gastric juice, when separated, 
is found to contain a free mineral acid, the presence 
pf which checks all further change. That the food is 
rendered soluble quite independently of the vitality 
of the digestive organs has been proved by a num- 
ber of the most beautiful experiments. Food, en-* 
closed in perforated metallic tubes, so that it could 
not come into contact with the stomach, was found 
to disappear as rapidly, and to be as perfectly di* 
gested, as if the covering had been absent; and 
fresh gastric juice, out of the body, when boiled 
white of egg^ or muscular fibre, were kept in 
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contact with it for a time at tte temperature of 
the body, caused these substances to lose the solid 
form and to dissolve in the liquid. 

9. It can hardly be doubted that the substance 
which is present in the gastric juice in a state of 
change is a product of the transformation of the 
stomach itself. No substances possess, in so high 
a degree as those arising from the progressive de- 
composition of the tissues containing gelatine or 
chondrine, the property of exciting a change in the 
arrangement of the elements of other compounds. 
When the lining membrane of the stomach of any 
animal, as, for example, that of the calf, is cleaned 
by continued washing with water, it produces no 
effect whatever, if brought into contact with a solu- 
tion of sugar, vrith milk, or other substances. But 
if the same membrane be exposed for some time 
to the air, or dried, and then placed in contact with 
such substances, the sugar is changed, according to 
the state of decomposition of the animal matter, 
either into lactic acid, into mannite and mucilage, 
or into alcohol and carbonic acid ; while milk is 
instantly coagulated. An ordinary animal bladder 
retains, when dry, all its properties unchanged ; but 
when exposed to air and moisture, it undergoes a 
change not indicated by any obvious external signs. 
If, in this state, it be placed in a solution of sugar 
of milk, that substance is quickly changed into 

resh lining membrane of the stomach of 
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a calf, digested with weak muriatic acid, gives to 
this fluid no power of dissolving boiled flesh or co-' 
agulated white of egg. But if previously allowed to 
^ry, or if left for a time in water, it then yields, to 
water aeidulated with muriatic acid, a substance in 
ininute quantity, the decomposition of which is 
already commenced, and is completed in the solu* 
tion. If coagulated albumen be placed in this so<- 
lution, the state of decomposition is communicated 
to it, first at the edges, which become translucent, 
pass into a mucilage, and finally dissolve* The same 
change gradually affects the whole mass, and at last 
it is entirely dissolved, with the exception of fatty 
particles, which render the solution turbid. Oxygen 
is conveyed to every part of the body by the arterial 
blood ; moisture is everywhere present ; and thus we 
have united the chief conditions of all transforma- 
tions in the animal body. 

Thus, as in the germination of seeds, the presence 
of a body in a state of decomposition or transforma* 
tion, which has been called diastase^ effects the solu- 
tion of the starch — ^that is, its conversion into sugar ; 
so, a product of the metamorphosis of the substance 
of the stomach, being itself in a state of metamor- 
phosis which is completed in the stomach, effects the 
dissolution of all such parts of the food as are capable 
of assuming a soluble form* In certain diseases, 
there are produced from the starch, sugar, &c., of the 
food, lactic acid and mucilage. (24) These are the 
very same products which we can produce out of 
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sugar by means of membrane in a state of decompo- 
sition out of the body; but in a normal state of 
health, no lactic acid is formed in the stomach. 

11. The property possessed by many substances, 
such as starch and the varieties of sugsur, by contact 
with animal substances in a state of decomposition, 
to pass into lactic acid, has induced physiologists, 
without further inquiry, to assume iixe fact of the 
production of lactic acid during digestion ; and the 
power which this acid has of dissolving phosphate of 
lime has led them to ascribe to it the character of a 
general solvent. But neither Prout nor Braconnet 
could detect lactic add in the gastric juice ; and even 
Lehmann (see his "Lehrbuch der Physiologischen 
Chemie,'* tom. i. p. 285) obtained from the gastric 
juice of a cat only microscopic ciystals, which he 
took for lactate of zinc, although their chemical 
character could not be ascertained. The presence 
of free muriatic acid in the gastric juice, first ob- 
served by Prout, has been confirmed by all those 
chemists who have examined that fiidd since. This 
muriatic acid is obviously derived from common salt, 
the soda of which plays a very decided part in the 
conversion of fibrine and caseine into blood. 

Muriatic acid yields to no other acid in the power 
of dissolving bone earth, and even acetic acid, in this 
respect, is equal to lactic add. There is conse- 
quently no proof of the necessity of lactic acid in 
the digestive process ; and we know with certainty, 
that in artificial digestion it is not formed. Berze* 
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lius indeed has found lactic acid in the blood and 
flesh of animals ; but when his experiments were 
made, chemists were ignorant of the extraordinary 
facility and rapidity with which this acid is formed 
from a number of substances containing its elements, 
when in contact with animal matter. 

In the gastric juice of a dog, Braconnet found, 
along with free muriatic acid, distinct traces of a salt 
of iron, which he at first held to be an accidental 
admixture. But in the gastric juice of a second 
dog, collected with the utmost care, * the iron was 
again found. (Ann. de Ch. et de Ph. lix. p., 249.) 
This occurrence of iron is fiill of significance in 
regard to the formation of the blood. 

12. In the action of the gastric juice on the 
food, no other element takes a share, except the 
oxygen of the atmosphere and the elements of water. 
This oxygen is introduced directly into the stomach. 
During the mastication of the food, there is secreted 
into the mouth from organs specially destined to 
this function, a fluid, the saliva, which possesses thQ 
remarkable property of enclosing air in the shape of 
froth, in a far higher degree than even soap-suds. 
This air, by means of the saliva, reaches the stomach 
with the food, and there its oxygen enters into com- 
bination, while its nitrogen is given out through the 
skin and lungs. The longer digestion continues, that 
is, the greater the resistance oflered to the solvent 
action by the food, the more saliva, and consequently 
the more air enters the stomach. Rumination, in 

I 
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certain graminiTorous animals, has plainly for one 
object a renewed and repeated introduction of oxy- 
gen ; for a more minute mechanical division of the 
food only shortens the time required for solution. 

The unequal quantities of air wlii<^ reach the 
stomach with the saliva in difierent classes of ani- 
mals explain the accurate observations made by 
physiologists, who have established beyond all doubt 
the fact, that animals give out pure nitrogen through 
the skin and lungs, in variable quantity. This fact 
is so much the more important, as it furnishes the 
most ^ecifflve proof, that the nitrogen of the air is 
applied to no use in the animal economy. 

The feet that nitrogen is given out by the skin 
and lungs, is explained by the property which animal 
membranes possess of allowing all gases to permeate 
them, a property which can be shewn to exist by the 
moat simple experiments. A bladder, filled with 
carbonic acid, nitrogen, or hydrogen gas, if tightly 
closed and suspended in the air, loses in twenty-four 
hours the whole of the «icIosed gas ; by a kind of 
exchange, it passes outwards into the atmosphere, 
while it« place is occupied by atmospherical Mr. A 
portion of intestine, a stomach, or a piece of skin 
or membrane, acta precisely as the bladder, if filled 
with any gas. This permeability to gases is a me- 

erty, common to all nnimal tissues ; 

1 in the same degree in the Hving as 

ssue. 

L that in cases of wonnds of the lungs 
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a peculiar condition is produced, in which, hj the 
act of inspiration, not only oxygen but atmospheri- 
cal air, with its whole amount (^ths) of nitrogen, 
penetrates into the cells of the lungs. This air is 
carried by the circulation to eyery part of the body, 
so that every part is inflated or puffed up with the 
air, as with water in dropsy. This state ceases, 
without pain, as soon as the entrance of the air 
through* the wound is stopped. There can be no 
doubt that the oxygen of the air, thus accumu- 
lated in the cellular tissue, enters into combination, 
while its nitrogen is expired through the skin and 
lungs. 

Moreover, it is well known that in many gramini- 
vorous animals, when the digestive organs have been 
overloaded with fresh juicy vegetables, these sub- 
stances undergo in the stomach the same decompo- 
sition as they would at the same temperature out of 
the body. They pass into fermentation and putre- 
&ction, whereby so great a quantity of carbonic acid 
gas and of inflammable gas is generated, that these 
organs are enormously distended, sometimes even to 
bursting. From the structure of their stomach or 
stomachs, these gases cannot escape through the 
oesophagus ; but in the course of a few hours, the 
distended body of the animal becomes less swoln, 
and at the end of twenty-four hours no trace of the 
gases is left. (25) 

Finally, if we consider the fatal accidents which 
so frequently occur in wine countries from the 

I 2 



116 SOURCES OF THE NITROGEN 

drinking of what is called feather-white wine (dev 
federweisse Wein\ we can no longer doubt that gases 
of every kind, whether soluble or insoluble in water, 
possess the property of permeating animal tissues, 
as water penetrates unsized paper. This poison- 
ous wine is wine still in a state of fermentation, 
which is increased by the heat of the stomach. The 
carbonic acid gas which is disengaged penetrates 
through the parietes of the stomach, through the 
diaphragm, and through all the intervening mem- 
branes, into the air-cells of the lungs, out of which 
it displaces the atmospherical air. The patient dies 
with all the symptoms of asphyxia caused by an 
irrespirable gas ; and the surest proof of the pre- 
sence of the carbonic acid in the lungs is the fact, 
that the inhalation of ammonia (which combines 
with it) is recognized as the best antidote against 
this kind of poisoning. 

The carbonic acid of effervescing wines and of 
soda-water, when taken into the stomach, or of 
water saturated with this gas, administered in the 
form of enema, is given out again through the 
skin and lungs ; and this is equally true of the 
nitrogen which is introduced into the stomach with 
the food in the saliva. 

No doubt a part of these gases may enter the ve- 
nous circulation through the absorbent and lymphatic 
vessels, and thus reach the lungs, where they are 
exhaled ; but the presence of membranes offers not 
the slightest obstacle to their passing directly into 
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the cavity of the chest. It is, in fact, difficult to 
suppose that the absorbents and lymphatics have 
any peculiar tendency to absorb air, nitrogen, or hy- 
drogen, and convey these gases into the circulation, 
since the intestines, the stomach, and all spaces in 
the body not filled with solid or liquid matters, con- 
tain gases, which only quit their position when their 
volume exceeds a certain point, and which, conse- 
quently, are not absorbed. More especially in refer- 
ence to nitrogen, we must suppose that it is removed 
from the stomach by some more direct means, and 
not by the blood, which fluid must already, in passing 
through the lungs, have become saturated with that 
gas, that is, must have absorbed a quantity of it, 
proportioned to its solvent power, like any other 
liquid. By the respiratory motions all the gases 
which fill the otherwise empty spaces of the body 
are urged towards the chest ; for by the motion of 
the diaphragm and the expansion of the chest a par- 
tial vacuum is produced, in consequence of which 
air is forced into the chest from all sides by the at- 
mospheric pressure. The equilibrium is, no doubt, 
restored, for the most part, through the windpipe, 
but all the gases in the body must, nevertheless, 
receive an impulse towards the chest. In birds and 
tortoises these arrangements are reversed. If we 
assume that a man introduces into the stomach in 
each minute only ^th of a cubic inch of air with the 
saliva, this makes in eighteen hours 135 cubic inches; 
and if ith be deducted as oxygen, there will still 
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remain 108 cubic inches of nitrogen, which occupy 
the space of 3 lbs. of water. Now whatever may be 
the actual amount of the nitrogen thus swallowed, 
it is certain that the whole of it is given out again 
by the mouth, nose, and skin ; and when we consider 
the very large quantity of nitrogen found in the in- 
testines of executed criminals by Magendie, as well 
as the entire absence of oxygen in these organs (26), 
we must assume that air, and consequently nitrogen, 
enters the stomach by resorption through the skin, 
and is afterwards exhaled by the lungs. 

When animals are made to respire in gases con- 
taining no nitrogen, more of that gas is exhaled, 
because in this case the nitrogen within the body 
acts towards the external space as if the latter were 
a vacuum. (See Graham, " On the Dilfiision of 
Gases.") 

The differences in the amount of expired nitrogen 
in different classes of animals are thus easily ex- 
plained ; the herbivora swallow with the saliva more 
air than the camivora ; they expire more nitrogen 
than the latter, — less when fasting than immediately 
after taking food. 

13. In the same way as muscular fibre, when 
separated from the body, communicates the state of 
decomposition existing in its elements to the per- 
oxide of hydrogen, so a certain product, arising by 
means of the vital process, and in consequence of the 
transposition of the elements of parts of the sto- 
mach and of the other digestive organs, while its own 
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metamorphosis is accomplished in the stomach , acts 
on the food. The insoluble matters become soluble 
— ^they are digested. 

It is certainly remarkable, that hard-boiled white 
of egg or fibrine, when rendered soluble by certain 
liquids, by organic acids, or weak alkaline solutions, 
retain all their properties except the solid fonn 
(cohesion) without the slightest change. Their ele- 
mentary molecules, without doubt, assume a new 
arrangement; they do not, however, separate into 
two or more groups, but remain united together. 

The very same thing occurs in the digestive pro- 
cess ; in the normal state, the food only undergoes 
a change in its state of cohesion, becoming fluid 
without any other change of properties. 

The greatest obstacle to forming a clear concep- 
tion of the nature of the digestive process, which is 
here reckoned among those chemical metamorphoses 
which have been called fermentation and putrefac- 
tion, consists in our involuntary recollection of the 
phenomena which accompany the fermentation of 
sugar and of animal substances (putrefaction), which 
phenomena we naturally associate with any similar 
change ; but there are numberless cases in whicl;i a 
complete chemical metamorphosis of the elements 
of a compound occurs without the smallest disen- 
gagement of gas, and it is chiefly these which must 
be borne in mind, if we would acquire a clear and 
accurate idea of the chemical notion or conception 
of the digestive process. 
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All substances which can arrest the phenomena 
of fermentation and putrefaction in liquids, also ar- 
rest digestion when taken into the stomach. The 
action of the empjrreumatic matters in coffee and 
tobacco-smoke, of creosote, of mercurials, &c. &c., is 
on this account worthy of peculiar attention with 
reference to dietetics. 

The identity in composition of the chief consti- 
tuents of blood and of the nitrogenised constituents 
of vegetable food has certainly furnished, in an un- 
expected manner, an explanation of the fact that 
putrefying blood, white of egg, flesh, and cheese pro- 
duce the same effects in a solution of sugar as yeast 
or ferment ; that sugar, in contact with these sub- 
stances, according to the particular stage of decom- 
position in which the putrefying matters may be, 
yields, at one time, alcohol and carbonic acid ; at 
another, lactic acid, mannite, and mucilage. The 
explanation is simply this, that ferment, or yeast, 
is nothing but vegetable fibrine, albumen, or caseine 
in a state of decomposition, these substances having 
the same composition with the constituents of flesh, 
blood, or cheese. The putrefaction of these animal 
matters is a process identical with the metamorpho- 
sis of the vegetable matters identical with them ; 
it is a separation or splitting up into new and less 
complex compounds. And if we consider the trans- 
formation of the elements of the animal body (the 
waste of matter in animals) as a chemical process 
which goes on under the influence of the vital force, 
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then the putrefaction of animal matters out of the 
body is a division into simpler compounds, in which 
the vital force takes no share. The action in both 
cases is the same, only the products differ. The 
practice of medicine has furnished the most beau- 
tiful and interesting observations on the action of 
empyreumatic substances, such as wood, vinegar, 
creosote, &c., on malignant wounds and ulcers. In 
such morbid phenomena two actions are going on 
together ; one metamorphosis, which strives to com- 
plete itself under the influence of the vital force, 
and another, independent of that force. The latter 
is a chemical process, which is entirely suppressed 
or arrested by empyreumatic substances ; and this 
effect is precisely opposed to the poisonous influence 
exercised on the organism by putrefying blood when 
introduced into a fresh wound. 

14. The formula C48H8flN50i4* is that which 
most accurately expresses the composition of pro- 
teine, or the relative proportions of the organic 
elements in the blood, as ascertained by analysis. 
Albumen, fibrine, and caseine contain proteine ; 
caseine contains, besides, sulphur, but no phospho- 
rus ; albumen and fibrine contain both these sub- 
stances chemically combined — ^the former more sul- 
phur than the latter. We cannot directly ascertain 
in what form the phosphorus exists, but we have 
decided proof that the sulphur cannot be in the 

* For the method of converting this and other formulae into 
proportions per cent, see Appendix. 
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oxidised state. All these substances, when heated 
with a moderately strong solution of potash, yield 
the sulphur which we find in the solution as sul- 
phuret of potassium ; and on the addition of an 
acid it is given off as sulphuretted hydrogen. When 
pure fibrine or ordinary albumen is dissolved in a 
weak solution of potash, and acetate of lead is added 
to the solution, in such proportion that the whole of 
the oxide of lead remains dissolved in the potash, 
the mixture, if heated to the boiling point, becomes 
black like ink, and sulphuret of lead is deposited 
as a fine black powder. 

It is extremely probable, that by the action of 
the alkali the sulphur is removed os sulphuretted 
hydrogen, the phosphorus as' phosphoric or phos- 
phorous acid. Since, in this case, sulphur and phos- 
phorus are eliminated on the one hand, and oxygen 
and hydrogen on the other, it might be concluded 
that fibrine and albumen, when^ analysed with their 
sulphur and phosphorus, would yield a larger pro- 
portion of oxygen and hydrogen than is found in 
proteine. But this cannot be she^vn in the analysis ; 
for fibrine, for example, has been found to contain 
0*36 per cent, of sulphur. Assuming, then, tliat 
this sulphur is eliminated by the alkali in combina- 
tion with hydrogen, proteine would yield 0-0225 
per cent, less hydrogen than fibrine ; instead of the 
mean amount of 7*062 per cent, of hydrogen, the 
proteine should yield 7*04 per cent. In like man- 
ner, by the elimination of the phosphorus in combi- 
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nation with oxygen, the amount of oxygen in fibrine 
would be reduced from 22'715 — ^22*00 per cent, to 
22-5 — 21-8 per cent, in proteine. But the limits of 
error in our analyses are, on an average, beyond 
T^jth per cent, in the hydrogen, and beyond Aths 
per cent, in the oxygen ; while in the supposed case 
the difference in the hydrogen would not be greater 
than 4*&th per cent. 

Finally, if we reflect, that the elimination of oxy- 
gen and hydrogen with the sulphur and phosphorus 
does not exclude the addition of the elements of 
water, and if we assume that fibrine and albu- 
men, in passing into proteine, do combine with a 
certain quantity of water, an occurrence which is 
highly probable, we shall see that there is no proba- 
bility that the ultimate analysis of these compounds 
shall ever enable us to decide such questions, or to 
fix the chemical view of the relation of proteine to 
albumen, fibrine, or caseine, farther than has been 
done above. 

Some have endeavoured to prove the existence of 
unoxidised phosphorus in albumen and fibrine from 
the formation of sulphuret of potassium when they 
are acted on by potash, supposing the oxygen of the 
potash to have formed phosphoric acid with the 
phosphorus; but caseine, which contains no phos- 
phorus, yields sulphuret of potassium, just like the 
other substances ; and here its formation cannot be 
accounted for, unless we admit the previous pro- 
duction of sulphuretted hydrogen. In the mere 
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boiling of flesh, for the purpose of making soup, sul- 
phuretted hydrogen, as Chevreul has shewn, is dis- 
engaged. 

Moreover, the proportion of sulphur, for the same 
amount of phosphorus, is not the same in fibrine 
and albumen, from which no other conclusion can 
be drawn, but that the formation of sulphuret of 
potassium has no relation to the presence of phos- 
phorus. Sulphuret of potassium is formed from 
caseine, which is not supposed to contain any un- 
combined phosphorus; and it is formed, also, from 
albumen, which contduis only half as much phos- 
phorus as fibrine. 

Every attempt to give the true absolute amount 
of the atoms in fibrine and albumen in a rational 
formula, in which the sulphur and phosphorus are 
taken, not in fractions, but in entire equivalents, 
must be finitless, because we are absolutely unable 
to determine with perfect accuracy the exceedingly 
minute quantities of sulphur and phosphorus in 
such compounds; and because a variation in the 
sulphur or phosphorus, smaller in extent than 
the usual limit of errors of observation, will affect 
the number of atoms of carbon, hydrogen, or oxy- 
gen to the extent of 10 atoms or more. 

We must be careful not to deceive ourselves in 
our expectations of what chemical analysis can do. 
We know, with certainty, that the numbers repre- 
senting the relative proportions of the organic ele- 
ments are the same in albumen and fibrine, and 
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hence we conclude that they have the same com- 
position. This conclusion is not affected by the 
fact, that we do not know the absolute number of 
the atoms of their elements, which have united to 
form the compound atom. 

15. A formula for proteine is nothing more 
than the nearest and most exact expression in 
equivalents, of the result of the best analyses ; it 
is a &ct established so fi&r, free from doubt, and 
this alone is, for the present, valuable to us. 

If we reflect, that from the albumen and fibrine of 
the body all the other tissues are derived, it is per- 
fectly clear, that this can only occur in two ways. 
Either certain elements have been added to, or 
removed from, their constituent parts. 

If we now, for example, look for an analytical 
expression of the composition of cellular tissue, of 
the tissues yielding gelatine, of tendons, of hair, of 
horn, &c., in which the number of atoms of carbon 
is made invariably the same as in albumen and 
fibrine, we can then see, at the first glance, in what 
way the proportion of the other elements has been 
altered; but this includes all that physiology re- 
quires in order to obtain an insight into the true 
nature of the formative and nutritive processes in 
the animal body. 

From the researches of Mulder and Scherer we 
obtain the following empirical formulae : — 
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Composition of organic tissues. 

Albumen C^tUnOu + P + S* 

Fibrine C^NeHaeOM + P + 2S 

Caseine C48N8H380i4 + S 

Gelatinous tissues, tendons ... C48N7.5H41O1S 

Chondrine <» C48N6H40O20 

Hair, horn C^^jH^Ou 

Arterial membrane O^Jtl^Oi^ 

The composition of these formulae shews, that 
when proteine passes into chondrine (the substance 
of the cartilages of the ribs), the elements of water, 
with oxygen, have been added to it ; while in the 
formation of the serous membranes, nitrogen also 
has entered into combination. 

If we represent the formula of proteine, C48N5 
H360,4 by Pr, then nitrogen, hydrogen, and oxygen 
have been added to it in the form of known com- 
pounds, and in the following proportions, in form- 
ing the gelatinous tissues, hair, horn, arterial mem- 
brane, &c. 

Proteine. Ammonia. Water. Oxygen. 

Fibrine, Albumen Pr 

Arterial membrane ... Pr + 2H0 

Chondrine Pr + 4H0 + 20. 

Hair, horn Pr + NH3 +30. 

Gelatinous tissues ... 2Pr + aNH, + HO + 70. 

17. From this general statement it appears that 
all the tissues of the body contain, for the same 

* The quantities of sulphur and phosphorus here expressed by 
S and P are not equivalents, but only give the relative proportions 
of these two elements to each other, as found by analysis. 
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amount of carbon, more oxygen than the consti- 
tuents of blood. During their formation, oxygen, 
either from the atmosphere or from the elements 
of water, has been added to the elements of pro- 
teine. In hair and gelatinous membrane we ob- 
serve, further, an excess of nitrogen and hydrogen, 
and that in the proportions to form ammonia. 

Chemists are not yet agreed on the question, in 
what manner the elements of sulphate of potash are 
arranged ; it would therefore be going too far, were 
they to pronounce arterial membrane a hydrate of 
proteine, ehondrine a hydrated oxide of proteine, 
and hair and membranes compounds of ammonia 
with oxides *of proteine. 

The above formulae express with precision the 
differences of composition in the chief constituents 
of the animal body ; they shew, that for the same 
amount of carbon the proportion of the other ele- 
ments varies, and how much more oxygen or nitro- 
gen one compound contains than another. 

18. By means of these formulae we can trace the 
production of the different compounds from the 
constituents of blood ; but the explanation of their 
production may take two forms, and we have to 
decide which of these comes nearest to the truth. 

For the same amount of carbon, membranes and 
the tissues which yield gelatine contain more nitro- 
gen, oxygen, and hydrogen than proteine. It is 
conceivable that they are formed from albumen by 
the addition of oxygen, of the elements of water, 
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and of those of ammonia, accompanied by the eepa^ 
ration of sulphur and phosphorus ; at all events, 
their composition is entirely different from that of 
the chief constituents of blood. 

The action of caustic alkalies on the tissues yield- 
ing gelatine shews distinctly that they no longer 
contain proteine ; that substance cannot in any way 
be obtained from them ; and all the products formed 
by the action of alkalies on them differ entirely 
from those produced by the compounds of prot^e 
in the same circnmstances. Whether proteine exjgt, 
ready formed, in fibrine, albumen, and caseine, or 
not, it is certain that their elements, under the in- 
fluence of the alkali, arrange themselves so as to 
form proteine ; but this property is wanting in the 
elements of the tissnes which yield gelatine. 

The other, and perhaps the more probable expla- 
nation of the production of these tissues from pro- 
teine, is that which makes it dependent on a sepa- 
ration of carbon. 

If we assume the nitrogen of proteine to remain 
entire in the gelatinous tissue, then the composition 
of the latter, calculated on 6 equivalents of nitrogen, 
would be represented by the fonnola, C„t!iifiit,Ou- 
This formula approaches most closely to the analysis 
of Scherer, although it is not an exact expression of 
his results. A formula corresponding more per- 
fectly to the analyses, is CmN^Hi^O,, ; or, calculated 
5 to Mulder's analysis, C»,N,H«,0,^* 

Mmula CaNsH«Ojb adopted by Mulder, gives, when 
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According to the first formula, carbon and hydro- 
gen have been separated ; according to the two 
last, a certain proportion of all the elements has 
been removed. 

19. We must admit, as the most important re- 
sult of the study of the composition of gelatinous 
tissue, and as a point undeniably established, that, 
although formed from compounds of proteine, it no 
longer belongs to the series of the compounds of 
proteine. Its chemical characters and composition 
justify this conclusion. 

No fact is as yet opposed to the law, deduced 
from observation, that nature has exclusively des- 
tined compounds of proteine for the production of 
blood. 

No substance analogous to the tissues yielding 
gelatine is found in vegetables. The gelatinous 
substance is not a compound of proteine ; it con- 
tains no sulphur, no phosphorus, and it contains 
more nitrogen or less carbon than proteine. The 
compounds of proteine, under the influence of the 
vital energy of the organs which form the blood, 
assume a new form, but are not altered in composi- 
tion ; while these organs, as far as our experience 
reaches, do not possess the power of producing 
compounds of proteine, by virtue of any influence, 
out of substances which contain no proteine. Ani- 
mals which were fed exclusively with gelatine, the 

reduced to 100 parts, too little nitrogen to be considered an exact 
expression of his analyses. 

K 
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most highly nitrogenised element of the food of 
caxnivora, died with the symptoms of starvation ; in 
short, the gelatinous tissues are incapable of conver- 
sion into blood. 

But there is no doubt that these tissues are 
formed from the constituents of the blood ; and we 
can hardly avoid entertaining the supposition, that 
the fibrine of venous blood, in becoming arterial 
fibrine, passes through the first stage of conversion 
into gelatinous tissue. We cannot, with much pro- 
bability, ascribe to membranes and tendons the 
power of forming themselves out of matters brought 
by the blood ; for how could any matter become a 
portion of cellular tissue, for example, by virtue of 
a force which has as yet no organ? An already 
existing cell may possess the power of reproducing 
or of multiplying itself, but in both cases the pre- 
sence of a substance identical in composition with 
cellular tissue is essential. Such matters are formed 
in the organism, and nothing can be better fitted 
for their production than the substance of the cells 
and membranes ^^hich exist in animal food, and 
become soluble in the stomach during digestion, or 
which are taken by man in a soluble form. 

20. In the following pages I offer to the reader 
an attempt to develope analytically the principal 
metamorphoses which occur in the animal body; 
and, to preclude all misapprehension, I do this with 
a distinct protest against all conclusions and deduc- 
tions which may now or at any subsequent period be 
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derived from it in opposition to the views developed 
in the preceding part of this work, with which it 
has no manner of connection. The results here to 
be described have surprised me no less than they 
will others, and have excited in my mind the same 
doubts as others will conceive ; but they are not the 
creations of fancy, and I give them because I enter- 
tain the deep conviction that the method which has 
led to them is the only one by which we can hope 
to acquire insight into the nature of the organic 
processes. 

The numberless qualitative investigations of ani- 
mal matters which are made are equally worthless 
for physiology and for chemistry, so long as they are 
not instituted with a well-defined object, or to answer 
a question clearly put. 

If we take the letters of a sentence which we wish 
to decipher, and place them in a line, we advance 
not a step towards the discovery of their meaning. 
To resolve an enigma, we must have a perfectly clear 
conception of the problem. There are many ways 
to the highest pinnacle of a mountain ; but those 
only can hope to reach it who keep the summit 
constantly in view. All our labour and all our 
eflforts, if we strive to attain it through a morass, 
only serve to cover us more completely with mud ; 
our progress is impeded by diflSculties of our own 
creation, and at last even the greatest strength 
must give way when so absurdly wasted. 

21. If it be true that all parts of the body are 

K 2 
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formed and developed from the blood or the con- 
stituents of the blood, that the existing organs at 
every moment of life are transfonned into new com- 
pounds under the influence of the oxygen introduced 
in the blood, then the animal secretions must of 
necessity contain the products of the metamorphosis 
of the tissues. 

22. If it be further true, that the urine con- 
tains those products of metamorphosis which contain 
the most nitrogen, and the bile those which are 
richest in carbon, from all the tissues which in the 
vital process have been transformed into unorganised 
compounds, it is clear that the elements of the bile 
and of the urine, added together, must be equal, in 
the relative proportion of these elements to the com- 
position of the blood. 

23. The organs are formed from the blood, and 
contain the elements of the blood; they become 
transformed into new compounds, with the addition 
only of oxygen and of water. Hence the relative 
proportion of carbon and nitrogen must be the same 
as in the blood. 

If then we subtract from the composition of blood 
the elements of the urine, then the remainder, de- 
ducting the oxygen and water which have been 
added, must give the composition of the bile. 

Or if from the elements of the blood, we subtract 
the elements of the bile, the remainder must give 
the composition of urate of ammonia, or of urea 
and carbonic acid. 
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It will surely appear remarkable that this manner 
of viewing the subject has led to the true formula 
of bile, or, to speak more accurately, to the most 
correct empirical expression of its composition ; 
and has furnished the key to its metamorphoses, 
under the influence of acids and alkalies, which had 
previously been sought for in vain. 

24. When fresh drawn blood is made to trickle 
over a plate of silver, heated to 140°, it dries to 
a red, varnish-like matter, easily reduced to pow- 
der. Muscular flesh, free from fat, if dried first in 
a gentle heat, and then at 212°, yields a brown, 
pulverizable mass. 

The analyses of Playfair and Boeckmann (28) 
give for flesh (fibrine, albumen, cellular tissue, and 
nerves) and for blood, as the most exact expres- 
sion of their numerical results, one and the same 
formula, namely, C48N5H3gO,5. This may be called 
the empirical formula of blood. 

25. The chief constituent of bile, according 
to the researches of Demar^ay, is a compound, 
analogous to soaps, of soda with a peculiar sub- 
stance, which has been named choldc acid. This 
acid is obtained in combination with oxide of lead, 
when bile, purified by means of alcohol from all 
matters insoluble in that menstruum, is mixed with 
acetate of lead. 

Choleic acid is resolved, by the action of muriatic 
acid, into ammonia^ taurine^ and a new acid, cholo^ 
idic acidl which contains no nitrogen. 
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When boiled with caustic potash, choleic acid 
is resolved into carbonic acid^ ammonia, and another 
new acid, cholic acid (distinct from the cholic acid 
of Gmelin). 

Now it is clear that the true formula of choleic 
acid must include the analytical expression of these 
modes of decomposition; in other words, that it 
must enable us to shew that the composition of the 
products derived from it is related, in a clear and 
simple manner, to the composition of the acid itself. 
This is the only satisfactory test of a formula ; and 
the analytical expression thus obtained loses nothing 
of its truth or value, if it should appear, as the re- 
searches of Berzelius seem to shew, that choleic 
and choloidic acids are mixtures of different com- 
pounds ; for the relative proportions of the ele- 
ments cannot in any way be altered by this circum- 
stance. 

26. In order to develope the metamorphoses 
which choleic acid suffers under the influence of 
acids and alkalies, the following formula alone can 
be adopted as the empirical expression of the results 
of its analysis. 

Formula of choleic acid : CjcNjHesOss. (29) 

I repeat, that this formula may express the com- 
position of one, or of two or more compounds ; 
no matter of how many compounds the so-called 
choleic acid may be made up, the above formula 
represents the relative proportions of all their ele- 
ments taken together. 
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If now we subtract from the elements of choleic 
acid, the products formed by the action of muriatic 
acid, namely, ammonia and taurine, we obtain the 
empirical formula of choloidic acid. Thus : from the 

Formula of choleic acid CjsNsHeeOaa 

Subtract — 

1 atom taurine C4NHJ 

1 eq. ammonia NHj ^ ^ U4NiH,oO,o 

There remains the formula of cho- 
loidic acid = C73 HfieOij (30) 

27. Again, if from the formula of choleic acid 
we subtract the elements of urea and 2 atoms of 
water (= 2 eq. carbonic acid and 2 eq. ammonia), 
there will remain the formula and composition of 
cholic acid. Thus ; from the 

Formula of choleic acid = CTgNsHeeOss 

subtract— 
2 eq. carbonic 
2 eq. ammonia 

Remains the formulaof cholic acid = C74 HmOis (31) 

When we consider the very close coincidence be- 
tween these formulae and the actual results of ana- 
lysis (see Appendix, 29, 30, 31), it is scarcely possible 
to doubt that the formula above adopted for choleic 
acid expresses, as accurately as is to be expected in 
the analysis of such compounds, the relative propor- 
tion of its elements, no matter in how many differ- 
ent forms they may be united to produce that acid. 

28. Let us now add the half of the numbers 
which represent the formula of choleic acid, to the 
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elements of the urine of serpents — that is, to neu- 
tral urate of ammonia, as follows : 

J the formula of choleic acid = CasNHssOn 

Add to this — 

1 eq. uric acid = CioN4H408\_ p xj tt n 

1 eq. ammonia = NHs J 

The sum is = C48NeH4oOi7 

29. But this last formula expresses the composi- 
tion of blood, with the addition of 1 eq. oxygen and 
1 eq. water. 

Formula of blood C^sNgHagOis 

1 eq. water = HOl _ „ q 

1 eq. oxygen • = Oj 

The sum is = C48NeH4oOi7 

30. If, moreover, we add to the elements of pro- 
teine those of 3 eq. water, we obtain, with the ex- 
ception of 1 eq. hydrogen, exactly the same formula. 

Formula of proteine ••• = C48N6H380i4 

Add 3 eq. of water • = HjOs 

The sum is C^NeHsoOi; 

differing only by 1 eq. of hydrogen from the formula 
above obtained by adding together choleic acid and 
urate of ammonia. 

31. If, then, we consider choleic acid and urate 
of ammonia the products of the transformation of 
muscular fibre, since no other tissue in the body 
contains proteine (for albumen passes into tissues, 
without our being able to say, that in the vital pro- 
cess it is directly resolved into choleic acid, and 
urate of ammonia), there exist in fibrine, with the 
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addition of the elements of water, all the elements 
essential to this metamorphosis ; and, except the 
sulphur and phosphorus, both of which are probably 
oxidised, no element is separated. 

This form of metamorphosis is applicable to the 
vital transformations in the lower classes of amphi- 
bia, and perhaps in worms and insects. In the 
higher classes of animals the uric acid disappears in 
the urine, and is replaced by urea. 

The disappearance of uric acid and the production 
of urea plainly stand in a very close relation to the 
amount of oxygen absorbed in respiration, and to 
the quantity of water consumed by different animals 
in a given time. . 

When uric acid is subjected to the action of 
oxygen, it is first resolved, as is well known, into 
alloxan and urea. (32) A new supply of oxygen 
acting on the alloxan causes it to resolve itself 
either into oxalic acid and urea, into oxaluric and 
parabanic acids, (33) or into carbonic acid and urea. 

32. In the so-called mulberry calculi we find 

oxalate of lime, in other calculi urate of ammonia, 

• 

and always in persons, in whom, from want of ex- 
ercise and labour, or from other causes, the supply 
of oxygen has been diminished. Calculi containing 
uric acid or oxalic acid are never found in phthisical 
patients ; and it is a common occurrence in France, 
among patients suffering from calculous complaints, 
that when they go to the country, where they take 
more exercise, the compounds of uric acid, which 
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were deposited in the bladder during their residence 
in town, are succeeded by oxalates (mulberry calcu- 
lus), in consequence of the increased supply of oxy- 
gen. With a still greater supply of oxygen they 
would have yielded, in healthy subjects, only the 
last product of the oxidation of uric acid, namely^ 
carbonic acid and urea. 

An erroneous interpretation of the undeniable 
fact that all substances incapable of Airther use in 
the organism are separated by the kidneys and ex- 
pelled from the body in the urine, altered or 
unaltered, has led practical medical men to the 
idea, that the food, and especially nitrogenised food, 
may have a direct influence on the formation of 
urinary caRuli. There are no reasons which support 
this opinion, while those opposed to it are innume- 
rable. It is possible that there may be taken, in 
the food, a number of matters changed by the 
culinary art, which, as being no longer adapted to 
the formation of blood, are expelled in the urine, 
more or less altered by the respiratory process. But 
roasting and boiling alter in no way the composition 
of animal food. (34) 

Boiled and roasted flesh is converted at once into 
blood; while the uric acid and urea are derived 
from the metamorphosed tissues. The quantity of 
these products increases with the rapidity of trans- 
formation in a given time, but bears no proportion 
to the amount of food taken in the same period. In 
a starving man who is any way compelled to undergo 
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severe and continued exertion, more urea is secreted 
than in the most highly fed individual, if in a state 
of rest. In fevers and during rapid emaciation the 
urine contains more urea than in the state of health. 
(Prout.) 

33. In the same way, therefore, as the hippuric 
acid, present in the urine of the horse when at rest, 
is converted into benzoate of ammonia and carbonic 
acid as soon as the animal is compelled to labour, 
so the uric acid disappears in the urine of man, 
when he receives, through the skin and lungs, a 
quantity of oxygen sufficient to oxidise the products 
of the transformation of the tissues. The use of 
wine and fat, which are only so far altered in the 
organism that they combine with oxygen, has a 
marked influence on the formation of uric acid. 
The urine, after fat food has been taken, is turbid, 
and deposits minute crystals of uric acid. (Prout.) 
The same thing is observed after the use of wines 
in which the alkali necessary to retain the uric acid 
in solution is wanting, but never from the use of 
Rhenish wines, which contain so much tartar. 

In animals which drink much water, by means of 
which the sparingly soluble uric acid is kept dis- 
solved, so that the inspired oxygen can act on it, no 
uric acid is found in the urine, but only urea. In 
birds, which seldom drink, uric acid predominates. 

If to 1 atom of uric acid we add 6 atoms of oxy- 
gen and 4 atoms of water, it resolves itself into urea 
and carbonic acid : 
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urea C4N4H8O4 

carbonic acid Ge O12 



1 at. uric acid GioN4H40e 
4 at. water 1 
6 at. oxygen/ 

CioN4H80ie CioN4H90ie 

34. The urine of the herbivora contains no uric 
acid, but ammonia, urea, and hippuric or benzoic 
acid. By the addition of 9 atoms of oxygen to the 
empirical formula of their blood multiplied by 5, we 
obtain the elements of 6 at. of hippuric acid, 9 
at. of urea, 3 at. of choleic acid, 3 at. of water, and 
3 at. of ammonia ; or, if we suppose 45 atoms of 
oxygen to be added to the blood during its meta- 
morphosis, then we obtain 6 at. of benzoic acid, 
13^ at. of urea, 3 at. of choleic acid, 15 at. of car- 
bonic acid, and 12 at. of water. 

5 (C48NeH„Oi5) + 09 = C34oN„Hi«,084 
"6 at. hippuric acid, 6 (C^N He Og ) = C,„^e H48 O30 

9 at. urea 9 (CjNjH4 0s) = CwNwHajOw 

= ( 3 at. choleic acid, 3 (CjgN HasOn) = CimNj H„ Om 
3 at. ammonia . . . 3 ( N Hg ) = Nj H, 
3 at. water 3 ( HjOs) = H, Oj 

The sum is C24oNaoHig5084 

or — 

5 (C48NeH„0„) + 046 = C34oN8oHi850uo 

6 at. benzoic add 6 (Cm H5 O3 ) = C84 Hgo Ow 
27/jat. urea 27 (C NHjO ) = C^^^^H^O^ 

3 at. choleic acid 3 (CjsNHaOu) = C114N, H99 Oas 

15 at. carbonic acid, 15 (C 03) = Cu On 

^12 at. water 12 ( H O ) = HuOm 

The sum is C24oNaoHi960i2o 

35. Lastly, let us follow the metamorphosis of 
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the tissues in the foetal calf, considering the pro^ 
teine furnished in the blood of the mother as the 
substance which undergoes or has undergone a 
transformation ; it will appear that 2 at. of pro- 
teine, without the addition of oxygen or any other 
foreign element, except 2 at. of water, contain the 
elements of 6 at. of allantoine and 1 at. of cholo- 
idic acid, (meconium ?) 

2 at. proteine=2 (C48N5H36O14) + 2at. water=2 HO=Cjh,Ni2H7403o 
6 at. allantoine, 6 (C4N2H3O3) = CmNuHisOis 
1 at. choloidic acid = C72 HgeOia 

C96Ni3H740ao 

36. But the elements of the six atoms of al- 
lantoine in the last equation correspond exactly to 
the elements of 2 at. of uric acid, 2 at. of urea, 
and 2 at. of water. 

{2 at. uric acid CaoNg Hg O12 
2 at. urea C4 N4 Hg O4 
2 at. water Ha O2 

^MNiaHigOia 

The relations of allantoine, which is found in the 
urine of the foetal calf, to the nitrogenised con- 
stituents of the urine in animals which respire, are, 
as may be seen by comparing the above formulae, 
such as cannot be overlooked or doubted. Allan- 
toine contains the elements of uric acid and urea — 
that is, of the nitrogenised products of the transfor- 
mation of the compounds of proteine. 

37. Further, if to the formula of proteine, multi- 
plied by 3, we add the elements of 4 at. of water. 
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and if we deduct from the sum of all tlie elements 
half of the elements of choloidic acid, there remains 
a formula which expresses very nearly the composi- 
tion of gelatine. From 

3 (C«NeH«0i4) + 4 HO... = Ci44N,8Hiu04, 
Subtract^ «L choloidio acid ^ C^ Has Oe 



There remain (W^uH giO^i (35) 

38. Subtracting from this formula of gelatine 
the elements of 2 at. of proteine, there remain the 
elements of urea, uric acid, and water, or of 3 at. of 
allantoine and 3 at. of water. Thus — 

Formula of gelatine (Mulder) GiqbNisHmO^ 
Subtract 2 at. proteine CgcNisHTsOgg 

There remain CuNcHisOu = 

f 1 at. uric acid C10N4H4 Oe 1 f 
= 1 at. urea ... C, N,H, O, L ^ »*' ^^^^^ ^"^'^^ ^' 
[4 at. water H.0J [3 at. water ... H3O, 



39. The numerical proportions calculated from 
the above formula differ from those actually ob- 
tained in the analyses of Mulder and Scherer in 
this, that the latter indicate somewhat less of nitro- 
gen in gelatine ; but if we assume the formula to 
be correct, it then appears, from the statement just 
given, that the elements of two atoms of proteine, 
plus the nitrogenised products of the transformation 
of a third atom of proteine (uric acid and urea) and 
water ; or three atoms of proteine, minus the ele- 
ments of a compound containing no nitrogen, which 
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actually occurs as one of the products of the trans- 
formation of choleic acid, yield in both cases a for- 
mula closely approaching to the composition of 
gelatinous tissues. We must, however, attach to 
such formulae, and to the considerations arising from 
them, no more importance than justly belongs to 
them« I would constantly ro^iind the reader that 
their use is to serve as points of connection, which 
may enable us to acquire more accnrate views as to 
the production and decomposition of those com- 
pounds which form the animal tissues. They are 
the first attempts to discover the .path which we 
must follow in order to attain the object of our re- 
searches; and this object, the goal we strive to 
reach, is, and must be, attainable. 

The experience of all those who have occupied 
themselves with researches into natural phenomena 
leads to this general result, that these phenomena 
are caused, or produced, by means far more simple 
than was previously supposed, or than we even 
now imagine; and it is precisely their simplicity 
which should most powerfully excite our wonder 
and admiration. 

Gelatinous tissue is formed from blood, from 
compounds of proteine. It may be produced by 
the addition, to the elements of proteine, of allan- 
toine and water, or of water, urea, and uric acid ; 
or by the separation from the elements of proteine 
of a compound containing no nitrogen. The solu- 
tion of such problems becomes less difficult, when 
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the problem to be solved, the question to be an- 
swered, is matured and clearly put. Every experi- 
mental decision of any such question in the nega- 
tive forms the starting-point of a new question, the 
solution of which, when obtained, is tfae necessary 
consequence of oor having put the first question. 

40. In the foregoing sections, no other consti- 
tuent of the bile, besides choleic acid, has been 
brought into the calculation; because it alone is 
known with certainty to contain nitrogen. Now, if 
it be admitted that its nitrogen is derived from the 
metamorphosed . tissues, it is not improbable that 
the carbon, and other elements which it contains, 
are derived from the same source. 

There cannot be the smallest doubt, that in the 
camivora, the constituents of the urine and the bile 
are derived from the transformation of compounds 
of proteine ; for, except fat, they consume no fijod 
but such as contains proteine, or has been formed 
from that substance. Their food is identical with 
their blood ; and it is a matter of indiSerence which 
of the two we select as the starting-point of the 
chemical developement of the vital metamorphoses. 

There can be no greater contradiction, with re- 
gard to the nutritive process, than to suppose that 
the nitrogen of the food can pass into the urine as 
urea, without having previously become part of an 
organized tissue ; for albumen, the only constituent 
of blood, which, from its amount, ought to be taken 
tion, suffers not the slightest change 
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in passing through the liver or kidneys ; we find it 
in every part of the body with the same appearance 
and the same properties. These organs cannot be 
adapted for the alteration or decomposition of the 
substance from which all the other organs of the 
body are to be formed. 

41. From the characters of chyle and lymph, it 
appears with certainty that the soluble parts of the 
food or of the chyme acquire the form of albumen. 
Hard-boiled white of egg, boiled or coagulated 
fibrine, which have again become soluble in the 
stomach, but have lost their coagulability by the 
action of air or heat, recover these properties by de- 
grees. In the chyle, the acid re-action of the chyme 
has already passed into the weak alkaline re-action 
of the blood ; and the chyle, when, after passing 
through the mesenteric glands, it has reached the 
thoracic duct, contains albumen coagulable by heat ; 
and, when left to itself, deposits fibrine. All the 
compounds of proteine, absorbed during the passage 
of the chyme through the intestinal canal, take the 
form of albumen, which, as the results of incubation 
in the fowl's egg testify, contains the fundamental 
elements of all organized tissues, with the exception 
of iron, which is obtained from other sources. 

Practical medicine has long ago answered the 
question, what becomes in man of the compounds of 
proteine taken in excess, what change is undergone 
by the superabundant nitrogenised food ? The blood- 
vessels are distended with excess of blood, the other 
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vessels with excess of their fluids, and if the too 
great supply of food be kept up, and the blood, of 
other fluids adapted for forming blood, be not applied 
to their natural purposes, if the soluble matters be 
not taken up by the proper organs, various gases 
are disengaged, as in processes of putrefaction, the 
excrements assume an altered quality in colour, 
smell, &c. Should the fluids in the absorbent and 
lymphatic vessels undergo a similar decomposition, 
this is immediately visible in the blood, and the nu- 
tritive process then assumes new forms. 

42. No one of all these appearances should occur, 
if the liver and kidneys were capable of effecting the 
resolution of the superabundant compounds of pro- 
teine into urea, uric acid, and bile. All the observa- 
tions which have been made in reference to the 
influence of nitrogenised food on the composition of 
the urine have failed entirely to demonstrate the 
existence of any direct influence of the kind ; for the. 
phenomena are susceptible of another and a far more 
simple interpretation, if, along with the food, we con- 
sider the mode of life and habits of the individuals 
who have been the subjects of investigation. Gravel 
and calculus occur in persons who use very little 
animal fogd. Concretions of uric acid have never 
yet been observed in carnivorous mammalia, living 
in the wild state,* and among nations which live 

* ITie occurrence of urate of ammonia in a concretion found in 
a dog, which was examined by Lassaigne, is to be doubted, unless 
Lassaigne extracted it himself from the bladder of the animal. 
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entirely on flesh, deposits of uric acid concretions 
in the limbs or in the bladder are utterly unknown. 

43. That which must be viewed as an undeniable 
truth in regard to the origin of the bile, or, more 
accurately speaking, of choleic acid in the camivora, 
cannot hold in regard to all the constituents of the 
bile secreted by the liver in the herbivora, for with 
the enormous quantity of bile produced, for example, 
by the liver of an ox, it is absolutely impossible to 
suppose that all its carbon is derived from the me- 
tamorphosed tissues. 

Assuming the 59 oz. of dry bile (from 37 lbs. of 
fresh bile secreted by an ox) to contain the same per- 
centage of nitrogen as choleic acid (3*86 per cent.), 
this would amount to nearly 2^oz. of nitrogen; and 
if this nitrogen proceed from metamorphosed tissues, 
then, if all the carbon of these tissues passed into 
the bile, it would yield, at the utmost, a quantity of 
bile corresponding to 7'15oz. of carbon. This is, 
however, far below the quantity which, according to 
observation, is secreted in this class of animals. 

44. Other substances, besides compounds of pro- 
teine, must inevitably take part in the formation of 
bile in the organism of the herbivora ; and these 
substances can only be the non-nitrogenised con- 
stituents of their food. 

45. The sugar of bile of Gmelin (picroniel or 
biline of Berzelius), which Berzelius considers as 
the chief constituient of bile, while Demar9ay as- 
signs that place essentially to choleic acid, burns, 

 L 2 
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when heated in the air, like resin, yields ammoniacal 
prodncts, and when treated with acids, yields taurine 
and the products of the decomposition of choleic 
add ; when acted on by alkalies, it yields ammonia 
and cholic acid. At all events, the sugar of bile 
contains nitrogen, and much less oxygen than starch 
or sugar, but more oxygen than the oily acids* 
When, in the metamorphosis of sugar of bile or 
choleic acid by alkalies, we cause the separation of 
the nitrogen, we obtain a crystallized acid, very 
similar to the oily acids (cholic acid), and capable 
of forming with bases salts, which have the general 
characters of soaps. Nay, we may even consider 
the chief constituents of the bile, sugar of bile and 
choleic acid, as compounds of oily acids with organic 
oxides, like the fat oils, and only differing from 
these in containing no oxide of glycerule. Choleic 
acid, for example, may be viewed as a compound of 
choloidic acid with allantoine and water : 

Choloidic add. Allantoine. Water. Choleic acid. 
C7,H«,0i, + C^N^aO, + H7O; = C;.N,H«Oa 

Or as a compound of cholic acid, urea, and water : 

Cholic acid. Urea. Water. Choleic add. 
C74H«Oi8 + C,N,H40, + H,0, = CjJ^jHaeOa 

46. If, in point of fact, as can hardly be doubted, 
the elements of such substances as starch, sugar, 
&c., take part in the production of bile in the 
organism of the herbivora, there is nothing opposed 
to such a view in the composition of the chief 
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constituents of bile, as far as our knowledge at 
present extends. 

If starch be the chief agent in this process, it 
can happen in no other way but this — that, as when 
it passes into &t, a certain quantity of oxygen is 
separated from the elements of the starch, which, 
for the same amount of carbon (for 72 atoms), con- 
tains five times as much oxygen as choloidic acid. 

Without the separation of oxygen from the ele- 
ments of starch, it is impossible to conceive its 
conversion into bile ; and this separation being ad- 
mitted, its conversion into a compound interme- 
diate in composition between starch and fat offers 
no difficulty. 

47. Not to render these considerations a mere 
idle play with formulae, and not to lose sight of our 
chief object, we (Jbserve, therefore, that the consi- 
deration of the quantitative proportion of the bile 
secreted in the herbivora leads to the following 
conclusions : — 

The chief constituents of the bile of the herbi- 
vora contain nitrogen, and this nitrogen is derived 
from compounds of proteine. 

The bile of this class of animals contains more 
carbon than corresponds to the quantity of nitro- 
genised food taken, or to the portion of tissue that 
has undergone metamorphosis in the vital process. 

A part of this carbon must, therefore, be derived 
from the jion-nitrogenised parts of the food (starch, 
sugar, &c.); and in order to be converted into a 
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nitrogenised constitaent of bile, a port of the de- 
ments of these bodies must necessarily haTe com- 
bined with a nitrogenised compound deriTed firom a 
componnd of proteine. 

In reference to this conclusion, it is qnite indif- 
ferent whether that compound of proteine be de- 
rived from the food or from the tissues of the bodj. 

48« It has yerj lately been stated bj A. Ure, 
that benzoic acid, when administered internally, 
appears in the arine in the form of hippnric acid. 

Should this observation be confirmed,* it will ac- 
quire great physiological significance, since it would 
plainly prove that the act of transformation of the 
tissues in the animal body, imder the influence of 
certain matters taken in the food, assumes a new 
form with respect to the products which are its 
result ; for hippuric acid contaidfe the elements of 
lactate of urea, with the addition of those of benzoic 
acid: 

......... 3 J _* 1 2 at. crystallized hippuric acid 

1 at. lachc a«d... C. H. O. = ^ ^ (C^H.0.) 

2 at. benzoic acid C„ HioOe I I 



49. If we consider the act of transformation of 
the tissues in the herbivora as we have done in the 

*** The analysis of the crystals deposited from the urine on the 
addition of muriatic acid has not been performed. Besides, the 
statement of A. Ure, that hippuric acid, dissolved in nitric acid, 
18 reddened by ammonia, is erroneous, and shews that the crys- 
tals he obtained must have contained uric acid. 
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camivora, then the blood of the former must yield, 
as the last products of the metamorphosis, from all 
the organs taken together, choleic acid, uric acid, 
and ammonia (see p. 136) ; and if we ascribe to the 
uric acid an action similar to that of the benzoic 
acid in Ure's observation — such, namely, that the 
further transformation, owing to the presence of 
this acid, assumes another form, the elements of the 
uric acid being incorporated in the final products — 
it will appear, for example, that 2 at. of proteine, 
with the addition of the elements of 3 at. of uric 
acid and 2 at. of oxygen, might give rise to the pro- 
duction of hippuric acid and urea. 

2 at. proteine, 2 (C^^NJixOu) = C96 NjjHyaOa 

3 at. uric acid, 3 (C10N4H4 0^ ) = Cgo NjaHjaOia 
2 at. oxygen = Oj 

Thesumis = Oi^^^H^O^ = 

[ 6 at. liippuric acid, 6 (C,3N HgOs) = CjosNe H^Oso 
"^ [9 at. urea 9 (CjNaHA) = Cis^K^^afi^ 

Thesumis = C126N24H84O48 

50. Finally, if we bear in mind, that, in the her- 
bivora, the non-nitrogenised constituents of their 
food (starch, &c.) must, as we have shewn, play ah 
essential part in the formation of the bile ; that to 
their elements must of necessity be added those of 
a nitrogenised compound, in order to produce the 
nitrogenised constituents of the bile, the most strik- 
ing result of the combinations thus suggested is 
this, that the elements of starch added to those of 
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hippuric acid are equal to the elements of choleic 
acid, plm a certain quantity of carbonic acid : 

2 at. hippuric acid, 2 (CigNHs O5 ) = CseNjH, Ao 

5 at. starch 5 (Cis HwOio) = C^ HjoOm 

2 at. oxygen — O3 



={ 



The sum is = CgsNaHesOes 

2 at. choleic acid 2 (CaNHaOn) = C7eN2H660a 
20 at. carbonic acid 20 (C 03)= Cgo O40 



llie sum is = ^vl^J^tfini 

51. Now, since hippuric acid may be derived, 
along with urea, from the compounds of proteine, 
when to the elements of the latter are added those 
of uric acid (see p. 151) ; since, further, uric acid, 
choleic acid, and ammonia contain the elements of 
proteine in a proportion almost identical with that 
of proteine itself (see p. 136) ; it is obvious that, if 
from 5 at. of proteine, with the addition of oxygen 
and of the elements of water, there be removed the 
elements of choleic acid and ammonia, the re- 
mainder will represent the elements of hippuric 
acid and of urea ; and that if, when this separation 
occurs, and during the fiirther transformation, the 
elements of starch be present and enter into the 
new products, we shall obtain an additional quantity 
of choleic acid, as well as a certain amount of car- 
bonic acid gas. 

Thai is to say — that if the elements of proteine and 
starch, owygen and water being also present, undergo 
transformation together and muttudh/ affect each other, 
we obtain, as the products of this metamorphosis, urea. 
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clwleie add, ammonia^ and carbonic add, and besides 
these, no other product whatever. 
The elements of 



>=•< 



9 at. choleic acid 
9 at. urea 
3 at. ammonia 
60 at. carbonic add 



5 at. proteine' 
15 at. starch 
12 at. water 
5 at. oxygen 
In detail — 
5 at. proteine, 5 (C^aNaHajOw) = O^^^igiOjQ 
15 at. starch, 15 (Cij HiqOio) = €,» HjgoOifio 
12 at. water, 12 ( HO ) = H^ Ou 

5 at. oxygen = Os 

The sum is = C4aoNaoH3c0287 

and — 
9 at. choleic acid, 9 (CasN HssOn) = C842N9 11397099 

9 at. urea, 9 (C3N2H4O2) = Ci^^i^U^O^ 

3 at. ammonia, t.. 3 ( NHg ) = NgHg 
60 at. carbonic acid, 60 (C 09)= Cgo O190 

The sum is = C^^^^^^O^ 

The transforaaatioii of the compounds of proteine 
present in the body is effected by means of the 
oxygen conveyed by the arterial blood, and if the 
elements of starch, rendered soluble in the stomach, 
and thus carried to every part, enter into the newly 
formed compounds, we have the chief constituents 
of the animal secretions and excretions ; carbonic 
acid, the excretion of the lungs, urea and carbonate 
of ammonia, excreted by the kidneys, and choleic 
acid, secreted by the liver. 

Nothing, therefore, in the chemical composition 
of those matters which may be supposed to take a 



10 at. oxygen 
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share in these metamorphoses, is opposed to the 
supposition that a part of the carbon of the non- 
azotised food enters into the composition of the bile. 

52. Fat, in the animal body, disappears when 
the supply of oxygen is abundant. When that sup- 
ply is deficient, choleic acid may be converted into 
hippuric acid, lithofellic acid, (37) and water. Li- 
thofellic acid is known to be the chief constituent 
of the bezoar stones, which occur in certain herbi- 
Yorous animals : 

rt -. 1. 1 • -J n XT XT rk -^ r 2 at. hip. acid CaBNjHuOw 
2 at. choleic acid CjaNaHftjOal *^ /^ • "* 

^ >=.^ 1 at. nth. acid C40 il„Os 

^-^ 1 14 at. water ... HmOm 

C7.N2H«Oa, C;«N2H„Oa2 

53, For the production of bile in the animal 
body a certain quantity of soda is, in all circum- 
stances, necessary ; without the presence of a com- 
pound of sodium no bile can be formed. In the 
absence of soda, the metamorphosis of the tissues 
composed of proteine can yield only fat and urea. 
If we suppose fat to be composed according to the 
empirical formula Ci,HioO, then, by the addition of 
oxygen and the elements of water to the elements 
of proteine, we have the elements of fat, urea, and 
carbonic acid. 

Proteine. Water. Oxygen. 

2 (C48NeH8eO,4) + 12 HO + 14 O = C^^i,U^O^ = 

6 at. urea = C12N12H34O12 

Fat = C« HfloOe 

18 at. carbonic acid = C^ Ogs 

Cg6Ni2H84054 



f 
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The composition of all fats lies between the em- 
pirical formulae CnHioO and CuHipO. If we adopt 
the latter, then the elements of 2 at. proteine, with 
the addition of 2 at. oxygen and 12 at. water, will 
yield 6 at. urea, fat (CyjHejoOg), and 12 at. carbonic 
acid. 

It is worthy of observation, in reference to the 
production of fat, that the absence of common salt 
(a compound of sodium which furnishes soda to the 
animal organism) is favourable to the formation of 
fat ; that - the fattening of an animal is rendered 
impossible, when we add to its food an excess of 
salt, although short of the quantity required to pro- 
duce a purgative effect. 

54. As a kind of general view of the metamor- 
phoses of the nitrogenised animal secretions, atten- 
tion may here be very properly directed to the 
fact, that the nitrogenised products of the transfor- 
mation of the bile are identical in ultimate compo- 
sition with the constituents of the urine, if to the 
latter be added a certain proportion of the elements 
of water : 



1 at. uric acid" C10N4H4 Oe 
1 at. urea 
22 at. water ... -^-^22^^32 



!id- C,.N,H, 0, 1 ^ 



CiaNgHgoOao 

1 at. allantoine 
7 kt. water 



>ine C4N3H3 08 1 [1 at. 
H7O7J l^lat. 



tauriue 
ammonia 


N,H, 


taurine 
ammonia 


C„N,H,„Oa, 

C4 N H, 0,0 

NH3 



C4N2H10O10 C4N2H10O1O 

55. In reference to the metamorphoses of uric 
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acid and of the products of the transformation of 
the bile, it is not less significant, and worthy of 
remark, that the addition of oxygen and the ele- 
ments of water to the elements of uric acid may 
yield either taurine and urea, or taurine, carbonic 
acid, and ammonia. 

1 at. uric acid C10N4H4 Oe 
14 at. water HmOu \, _ . 

2 at. oxygen ... O^i 



r2at. 
|l at. 



2 at. taurine Cg N2H14O20 
urea ... C2N2H Oj 



CioN4H„Oa 



Add 2 at. water Ho O9 



2 at. taurine ... Cs'S^Hifi^ 
2 at. carbon, acid Gg O4 

2 at. ammonia NjHe 



56. Alloxan, pltis a certain amount of water, is 
identical in the proportion of elements with taurine ; 
and finally, taurine contains the elements of super- 
oxalate of ammonia. 

1 at. aUoxan* C8N2H4 Oiol Taurine. 

10 at. water HioO,oj == ^ (C4NH70,o) 

r2 at. oxalic acid C4 Oe 
1 at. ammonia NHs 
4 at. water ... H4O4 



1 at. taurine C4NH7O10 = * 



C4NH7O10 



* It would be most interesting to investigate the action of 
alloxan on the human body. Two or three drachms, in crystals, 
had no injurious action on rabbits to which it was given. In 
man, a large dose appeared to act only on the kidneys. In 
certain diseases of the liver, alloxan would very probably be 
found a most powerful remedy. — J. L. 
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57, The comparison of the amount of carbon in 
the bile secreted by an herbivorous animal, with the 
quantity of carbon of its tissues, or of the nitrogen- 
ised constituents of its food, which in consequence 
of the constant transformations may pass into bile, 
indicates, as we have just seen, a great difference. 

The carbon of the bile secreted amoimts, at least, 
to more than five times the quantity of that which 
could reach the liver in consequence of the change 
of matter in the body, either from the metamor- 
phosed tissues or from the nitrogenised constituents 
of the food ; and we may regard as well founded the 
supposition that the non-azotised constituents of 
the food take a decided share in the production of 
bile in the herbivora ; for neither experience nor 
observation contradicts this opinion. 

58. We have given, in the foregoing paragraphs, 
the analytical proof, that the nitrogenised products 
of the transformation of bile, namely, taurine and 
ammonia, may be formed from all the constituents 
of the urine, with the exception of urea — ^that is, 
from hippuric acid, uric acid, and allantoine; and 
when we bear in mind that, by the mere separation 
of oxygen and the elements of water, choloidic acid 
may be formed from starch ; — 

From 6 at. starch = 6 (CiaHioOio) = C„H«oOflo 
Subtract 44 at. oxygen"] 

4 at. water j "" 



Remains choloidic acid = CtsHmOis; — 

that, finally, choloidic acid, ammonia, and taurine. 
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if added together, contain the elements of choleic 
acid ; — 

1 at. choloidic acid = C;^ HseOis 

1 at. taurine = C4N H7O10 

1 at. ammonia ... = N H3 

1 at. choleic acid = CjaNaH^Osj ; — 

if all this be considered, every doubt as to the pos- 
* sibility of these changes is removed. 

59. Chemical analysis and the study of the living 
animal body mutually support each other; and 
both lead to the conclusion that a certain portion 
of the carbon of the non-azotised constituents of 
food (of starch, &c., the elements of respiration) 
is secreted by the liver in the form of bile ; and 
further, that the nitrogenised products of the trans- 
formation of tissues in the herbivora do not, as in 
the camivora, reach the kidneys immediately or 
directly, but that, before their expulsion from the 
body in the form of urine, they take a share in cer- 
tain other processes, especially in the formation of 
the bile. . 

They are conveyed to the liver with the non- 
azotised constituents of the food ; they are returned 
to the circulation in the form of bile, and are not 
expelled by the kidneys till they have thus served 
for the production of the most important of the sub- 
stances employed in respiration. 

60. When the urine is left to itself, the urea 
which it contains is converted into carbonate of 
ammonia ; the elements of urea are in such proper- 
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tion, that by the addition of the elements of water, 
all its carbon is converted into carbonic acid, and all 
its nitrogen into ammonia. 

1 at. urea C2N2H40i'1 f2 at. carbonic acid C2 O4 

2 at. water H2O2 J "" |^2 at. ammonia ;.. N2H6 

C2N2H6O4 C^^VIA 

61. Were we able directly to produce taurine 
and ammonia out of uric acid or allantoine, this 
might perhaps be considered as an additional proof 
of the share which has been ascribed to these com- 
pounds in the production of bile ; it cannot, how- 
evier, be viewed as any objection to the views above 
developed on the subject, that, with the means we 
possess, we have not yet succeeded in effecting 
these transformations out of the body. Such * an 
objection loses all its force, when we consider that 
we cannot admit, as proved, the pre^existence of 
taurine and ammonia in the bile ; nay, that it is not 
even probable that these compounds, which are 
only known to us as products of the decomposition 
of the bile, exist ready formed, as ingredients of 
that fluid. 

By the action of muriatic acid on bile, we, in a 
manner, force its elements to unite in such forms 
as are no longer capable of change under the influ- 
ence of the same re-agent; and when, instead of 
the acid, we use potash^ we obtain the same ele- 
ments, although arranged iii another", and quite a 
different manner. If taurine were present, ready 
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formed, in bile, we should obtain the same products 
by the action of acids and of alkalies. This, how- 
ever, is contrary to experience. 

Thus, even if we could convert allantoine, or uric 
acid and urea,, into taurine and ammonia, out of the 
body, we should acquire no additional insight into 
the true theory of the formation of bile, just because 
the pre-existence of ammonia and taurine in the 
bile must be doubted, and because we have no rea- 
son to believe that urea or allantoine, as such, are 
employed by the organism in the production of bile. 
We can prove that their elements serve this pur- 
pose, but we are utterly ignorant how these ele- 
ments enter into these combinations, or what is the 
chemical character of the nitrogenised compound 
which unites with the elements of starch to form 
bile, or rather choleic acid. 

62, Choleic acid may be formed from the ele- 
ments of starch with those of uric acid and urea, or 
of allantoine, or of uric acid, or of alloxan, or of ox- 
alic acid and ammonia, or of hippuric acid. The 
possibility of its being produced from so great a va- 
riety of nitrogenised compounds is sufficient to 
shew that all the nitrogenised products of the meta- 
morphosis of the tissues may be employed in the 
formation of bile, while we cannot tell in what pre- 
cise way they are so employed. 

By the action of caustic alkalies allantoine may 
be resolved into oxalic acid and ammonia; the 
same products are obtained when oxamide is acted 
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on by the same re-agents. Yet we cannot, from 
the similarity of the products, conclude that these 
two compounds have a similar constitution. In like 
manner the nature of the products formed by the 
action of acids on choleic acid does not entitle us 
to draw any conclusion as to the form in which its 
elements are united together. 

63. If the problem to be solved by organic che- 
mistry be this, namely, to explain the changes which 
the food undergoes in the animal body ; then it is 
the business of this science to iascertain what ele- 
ments must be added, what elements must be se- 
parated, in order to eiffect, or, in general, to ren- 
der possible, the conversion of a given compound 
into a second or a third ; but we cannot expect 
from it the synthetic proof of the accuracy of the 
views entertained, because every thing in the orga- 
nism goes on under the influence of the vital force, 
an immaterial agency, which the chemist cannot 
employ at will. 

The study of the phenomena which accompany 
the metamorphoses of the food in the organism, the 
discovery of the share which the atmosphere or the ele- 
ments of water take in these changes, lead at once 
to the conditions which must be united in order to 
the production of a secretion or of ah organized part 

64. The presence of free muriatic acid in the 
stomach, and that of soda in the blood, prove beyond 
all doubt the necessity of common salt for the or«- 
ganic processes ; but the quantities of soda required 

M 
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by animals of different classes, to support the vital 
processes, are singularly unequal. 

If we suppose, that a given amount of blood, 
considered as a compound of soda, passes, in the 
body of a carnivorous animal, in consequence of the 
change of matter, into a new compound of soda, 
namely, the bile, we must assume, that in the nor- 
mal condition of health, the proportion of soda in 
the blood is amply sufficient to form bile with the 
products of transformation. The soda which has 
been used in the vital processes, and any excess of 
soda, must be expelled in the form of a salt, after 
being separated from the blood by the kidneys. 

Now, if it be true, that, in the body of an herbivo- 
rous animal, a much larger quantity of bile is pro- 
duced than corresponds to the amount of " blood 
formed or transformed in the vital processes ; if the 
greater part of the bile, in this case, proceeds from 
the non-azotised constituents of the food, then the 
soda of the blood which has been formed into or* 
ganised tissue (assimilated or metamorphosed) can- 
not possibly suffice for the supply of the daily secre- 
tion of bile. The soda, therefore, of the bile of the 
herbivora must be supplied directly in the food; 
their organism must possess the power of applying 
directly to the formation of bile all the compounds 
of soda present in the food, and decomposable by 
the organic process. All the soda of the animal 
•body obviously proceeds from the food; but the 
food of the camivora contains, at most, only the 
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amount of soda necessary to the formation of blood ; 
and in most cases, among animals of this class, we 
may assume that only as much soda as corresponds 
to the proportion employed to form the blood is 
expelled in the urine. 

When the camivora obtain in their food as much 
soda as suffices for the production of their blood, an 
equal amount is excreted in the urine ; when the 
food contains less, a part of that which would other- 
wise be excreted is retained by the organism. 

All these statements are most unequivocally con- 
firmed by the composition of the urine in these 
different classes of animals. 

65. As the ultimate product of the changes of 
all compounds of soda in the animal body, we find 
in the urine the soda in the form of a salt, and the 
nitrogen in that of ammonia or urea. 

The soda in the urine of the camivora is found 
in combination with sulphuric and phosphoric acids ; 
and along with the sulphate and phosphate of soda 
we never feil to find a certain quantity of a salt of 
ammonia, either muriate or phosphate of ammonia. 
There can be no more decisive evidence in favour 
of the opinion, that the soda of their bile or of the 
metamorphosed constituents of their blood is very 
far from sufficing to neutralize the acids which are 
separated,^ than the presence of ammonia in their 
urine. This urine, moreover, has an acid re-action. 

In contradistinction to this, we find, in the urine 
of the herbivora, soda in predominating quantity ; 

M 2 
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and that not combined with sulphuric or phosphoric 
acids, but with carbonic, benzoic, or hippuric acids. 

66, These well-established facts demonstrate 
that the herbivora consume a far larger quantity 
of soda than is required merely for the supply of 
the daily consumption of blood. In their food are 
united all the conditions for the production of a 
second compound of soda, destined for the support 
of the respiratory process ; and it can only be a very 
limited knowledge of the vast wisdom displayed in 
the arrangements of organized nature which can 
look on the presence of so much soda in the food 
and in the urine of the herbivora as accidental. 

It cannot be accidental, that the life, the develope- 
ment of a plant is dependant on the presence of the 
alkalies which it extracts from the soil. This plant 
serves as food to an extensive class of animals, and 
in these animals the vital process is again most 
closely connected with the presence of these alkalies. 
We find the alkalies in the bile, and their presence 
in the animal body is the indispensable condition . 
for the production of the first food of the young 
animal ; for without an abundant supply of potash, 
the production of milk becomes impossible. 

67. AH observation leads, as appears from the 
preceding exposition, to the opinion, that certain 
non-azotised constituents of the food of the herbi- 
vora (starch, sugar, gum, &c.) acquire the form of 
a compound of soda, which, in their bodies, serves 
for the same purpose as that which we know cer- 
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tainly to be served by the bile (the most highly car- 
bonized product of the transformation of their tissues) 
in the bodies of the carnivora. These substances 
are employed to support certain vital actions, and 
are finally cdnsimied in the generation of animal 
heat, and in furnishing means of resistance to the 
action of the atmosphere. In the carnivora, the 
rapid transformation of their tissues is a condition of 
their existence, because it is only as the result of 
the change of matter in the body that those sub- 
stances can be formed, vrhich are destined to enter 
into combination vnth the oxygen of the air ; and 
in this sense we may say that the non-azotised con- 
stituents of the food of the herbivora impede the 
change of matter, or retard it, and render unneces- 
sary, at all events, so rapid a process as occurs in 
the carnivora, 

68. The quantity of azotised matter, proportion- 
ally so small, vvhich the herbivora require to sup- 
port their vital functions, is closely connected with 
the power possessed by the non-azotised parts of 
their food to act as means of supporting the respi- 
ratory process ; and this consideration seems to 
render it not improbable, that the necessity fop 
more complex organs of digestion in the herbivora 
is rather owing to the diflSculty of rendering soluble 
and available for the vital processes certain non- 
azotised compounds (gum ? amylaceous fibre ?) than 
to any thing in the change or transformation of 
vegetable fibrine, albumen, and caseine into blood; 
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since, for this latter purpose, the less complex di- 
gestive apparatus of the camiYora is amply suffi- 
cient. 

69. If, in man, when fed on a mixed diet, starch 
perform a similar part to that which it plays in the 
body of the herbivora ; if it be assumed that the 
elements of starch are equally necessary to the for- 
mation of the bile in man as in these animals ; then 
it follows that a part of the azotised products of the 
transformation of the tissues in the human body, 
before they are expelled through the bladder, re- 
turns into the circulation from the liver in the shape 
of bile, and is separated by the kidneys from the 
blood, as the ultimate product of the respiratory 
process. 

70. When there is a deficiency of non-azotised 
matter in the food of man, this form of the produc- 
tion of bile is rendered impossible. In that case, 
the secretions must possess a diiSerent composition ; 
and the appearance of uric acid in the urine, the 
deposition of uric acid in the joints and in the 
bladder, as well as the influence which an excess of 
animal food (which must be considered equivalent to 
a deficiency of starch, &c.) exercises on the separa- 
tion of uric acid in certain individuals, may be 
explained on this principle. If starch, sugar, &c., 
be deficient, then a part of the azotised compounds 
formed during the change of matter will either 
remain in the situation where they have been 
formed, in which case they will not be sent from 
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the liver into the circulation, and thereiFbr^ will not 
undergo the final changes dependant on the action 
of oxygen ; or they will be separated by the kid- 
neys in some form different from the normal one, 

71. In the preceding paragraphs I have endea- 
voured to prove that the non-azotised constituents 
of food exercise a most decided influence on the 
nature and quality of the animal secretions. Whe- 
ther this occur directly ; whether, that is to say, 
their elements take an immediate share in the act 
of transformation of tissues ; or whether their share 
in that process be an indirect one, is a question 
probably capable of being resolved by careful and 
cautious experiment and observation. It is possible, 
that the non-azotised constituents of food, after 
undergoing some change^ are carried from the intes- 
tinal canal directly to the liver, and that they are 
converted into bile in this organ, where they meet 
with the products of the metamorphosed tissues, 
and subsequently complete their course through the 
circulation. 

This opinion appears more probable, when we 
reflect that as yet no trace of starch or sugar has 
been detected in arterial blood, not even in animals 
which had been fed exclusively with these sub- 
stances. We cannot ascribe to these substances, 
since they are wanting in arterial blood, any share 
in the nutritive process; and the occurrence of 
sugar in the urine of those affected with diabetes 
mellitus (which sugar, according to the best obser- 
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vations, is derived from the food) coupled with its 
total absence in the blood of the i^me patients, ob- 
viously proves that starch and sugar are not, as such, 
taken into the circulation. 

72. The writings of physiologists contain many 
proofs of the presence of certain constituents of the 
bile in the blood of man in a state of health, al- 
though their quantity can hardly be determined. 
Indeed, if we suppose 8:^ lbs. (58,000 grs.) of blood 
to pass through the liver every minute, and if from 
this quantity of blood 2 drops of bile (3 grains to 
the drop) are secreted, this would amount to -g^th 
part of the weight of the blood, a proportion far too 
small to be quantitatively ascertained by analysis. 

73. The greater part of the bile in the body of 
the herbivora, and in that of man fed on mixed 
food, appears from the preceding considerations to 
be derived from the elements of the non-azotised 
food. But its formation is impossible without the 
addition of an azotised body, for the bile is a com- 
pound of nitrogen. All varieties of bile yet exa- 
mined yield, when subjected to dry distillation, 
ammonia and other nitrogenised products. Taurine 
and ammonia may easily be extracted from ox bile ; 
and the only reason why we cannot positively prove 
that the same products may be obtained from the 
bile of other animals is this, that it is not easy to 
procure, in the case of many of these animals, a 
sufficient quantity of bile for the experiment. 

Now, whether the nitrogenised compound which 
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unites with the elements of starch to form bile be 
derived from the food or from the substance of the 
metamorphosed tissues, the conclusion that its pre- 
sence is an essential condition for the secretion of 
bile cannot be considered doubtful. 

Since the herbivora obtain in their food only such 
nitrogenised compounds as are identical in composi- 
tion with the constituents of their blood, it is at all 
events clear, that the nitrogenised compound which 
enters into the composition of bile is derived from 
a compound of proteine. It is either formed in 
consequence of a change which the compounds of 
proteine in the food have undergone, or it is pro- 
duced from the blood or from the substance of the 
tissues by the act of their metamorphosis. 

74. If the conclusion be accurate, that nitrogen- 
ised compounds, whether derived from the blood or 
from the food, take a decided share in the formation 
of the secretions, and particularly of the bile, then 
it is plain that the organism must possess the power 
of causing foreign matters, which are neither parts 
nor constituents of the organs in which vital activity 
resides, to serve for certain vital processes. All nitro- 
genised substances capable of being rendered soluble, 
without exception, when introduced into the organs 
of circulation or of digestion, must, if their compo- 
sition be adapted for such purposes, be employed by 
the organism in the same maimer as the nitrogen- 
ised products which are formed in the act of meta- 
morphosis of tissues. 
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We are acquainted with a multitude of sub- 
stances, which exercise a most marked influence on 
the act of transformation as well as on the nutritive 
process, while their elements take no share in the 
resulting changes. These are uniformly substances 
the particles of which are in a certain state of 
motion or decomposition, which state is communi- 
cated to all such parts of the organism as are ca* 
pable of undergoing a similar transformation. 

75. Medicinal and poisonous substances form 
a second and most extensive class of compounds, 
the elements of which are capable of taking a direct 
or an indirect share in the processes of secretion 
and of transformation. These may be subdivided 
into three great orders; the first (which includes 
the metallic poisons) consists of substances which 
enter into chemical combination with certain parts 
or constituents of the body, while the vital force 
is insufficient to destroy the compounds thus formed. 
The second division, consisting of the essential oils, 
camphor, empyreumatic substances, and antiseptics, 
&c., possesses the property of impeding or retarding 
those kinds of transformation to which certain very 
complex organic molecules are liable; transforma- 
tions which, when they take place out of the body, 
are usually designated by the names of fermentation 
and putrefaction. 

The third division of medicinal substances is 
composed of bodies, the elements of which take a 
direct share in the changes going on in the animal 
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body. When introduced into the system, they 
augment the energy of the vital activity of one or 
more organs ; they excite morbid phenomena in the 
healthy body. All of them produce a marked effect 
in a comparatively small dose, and many are poi- 
sonous when administered in larger quantity. None 
of the substances in this class can be said to take a 
decided share in the nutritive process, or to be em- 
ployed by the organism in the production of blood ; 
partly, because their composition is different from 
that of blood, and, partly, because the proportion in 
which they must be given, to'exert their influence, is 
as nothing, compared with the mass of the blood. 
' These substances, when taken into the circula- 
tion, alter, as is commonly said, the quality of the 
blood, and in order that they may pass from the 
stomach into the circulation with their entire effi- 
cacy, we must assume that their composition is not 
affected by the organic influence of the stomach. 
If insoluble when given, they are rendered soluble 
in that organ, but they are not decomposed ; other- 
wise, they would be incapable of exerting any influ-r 
ence on the blood. 

76. The blood, in its normal state, possesses two 
qualities closely related to each other, although we 
may conceive one of them to be quite independent 
of the other. 

The T)lood contains, in the form of the globules, 
the carriers, as it were, of the oxygen which serves 
for the production of certain tissues, as well as for 
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the generation of animal heat. The globules of 
the blood, by means of the property they possess 
of giving off the oxygen they have taken up in 
the limgs, without losing their peculiar character, 
determine generally the change of matter in the 
body. 

The second quality of the blood, namely, the 
property which it possesses of becoming part of an 
organised tissue, and its consequent adaptation to 
promote the formation and the growth of organs, as 
well as to the reproduction or supply of waste in 
the tissues, is owing, chiefly, to the presence of dis- 
solved fibrine and albumen. These two chief con- 
stituents, which serve for nutrition and reproduc- 
tion of matter, in passing through the lungs are 
saturated with oxygen, or, at all events, absorb so 
much from the atmosphere as entirely to lose the 
power of extracting oxygen from the other sub- 
stances present in the blood. 

77. We know for certain that the globules of 
the venous blood, when they come in contact with 
air in the lungs, change their colour, and that this 
change of colour is accompanied by an absorption of 
oxygen ; and that all those constituents of the blood, 
which possess in any degree the power of combining 
with oxygen, absorb it in the lungs, and become sa- 
turated with it. Although in contact with these 
other compounds, the globules, when arterialised, 
retain their florid, red colour in the most minute 
ramifications of the arteries ; and we observe them 
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to change their colour, and to assume the dark red 
colour which characterizes venous blood, only during 
their passage through the capillaries. From these 
facts we must conclude that the constituents of 
arterial blood are altogether destitute of the power 
to deprive the arterialised globules of the oxygen 
which they have absorbed from the air ; and we 
can draw no other concluirion from the change of 
colour which occurs in the capillaries, than that the 
arterialised globules, during their passage through 
the capillaries, return to the condition which cha- 
racterized them in venous blood ; that, consequently, 
they give up the oxygen absorbed in the lungs, and 
thus acquire the power of combining with that 
element afresh. 

78. We find, therefore, in arterial blood, albu-* 
men, which, like all the other constituents of that 
fluid, has become saturated with oxygen in its pas- 
sage through the lungs, and oxygen gas, which is 
conveyed to every particle in the body in chemical 
combination with the globules of the blood. As 
far as our observations extend (in the developement 
of the chick during incubation), all the conditions 
seem to be here united which are necessary to the 
formation of every kind of tissue ; while that por- 
tion of oxygen which is not consumed in the growth 
or reproduction of organs combines with the sub- 
stance of the living parts, and produces, by its 
union with their elements, the act of transforma- 
tion which we have called the change of matter. 
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79. It is obvious, that all compounds, of what- 
ever kind, which are present in the capillaries, 
whether separated there, or introduced by endos- 
mosis or imbibition, if not altogether incapable of 
uniting with oxygen, must, when in contact with 
the arterialised globules, the carriers of oxygen, be 
aflfected exactly in the same way as the solids form- 
ing part of living organs. These compounds, or their 
elements, will enter into combination with oxygen, 
and in this case there will either be no change of 
matter, or that change will exhibit itself in another 
form, yielding products of a different kind. 

80. The conception, then, of a change in the two 
qualities of the blood above alluded to, by means of 
a foreign body contained in the blood or introduced 
into the circulation (a medicinal agent), presupposes 
two kinds of operation. 

Assuming that the remedy cannot enter into any 
such chemical union with the constituents of the 
blood as puts an end to the vital activity ; assuming, 
further, that it is not in a condition of transforma- 
tion capable of being communicated to the consti- 
tuents of the blood or of the organs, and of continu- 
ing in them ; assuming, lastly, that it is incapable, 
by its contact with the living parts, of putting a 
stop to the change of matter, the transformation 
of their elements ; then, in order to discover the 
modus operandi of this class of medicinal agents, 
nothing is left but to conclude that their elements 
take a share in the formation of certain constituents 
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of the living body, or in the production of certain 
secretions. 

81. The vital process of secretion, in so far as it 
is related to the chemical forces, has been subjected 
to examination in the preceding pages. In the car- 
nivora we have reason to believe, that, without the 
addition of any foreign matter in the food, the bile 
and the constituents of the urine are formed in 
those parts where the change of matter takes place. 
In other classes of animals, on the other hand, we 
may suppose that in the organ of secretion itself, 
the secreted fluid is produced from certain matters 
conveyed to it ; in the herbivora, for example; the 
bile is formed from the elements of starch along 
with those of a nitrogenised product of the meta- 
morphosis of the tissues. But this supposition by 
no means excludes the opinion, that in the cami- 
vera the products of the metamorphosed tissues are 
resolved into bile, uric acid, or urea, only after reach- 
ing the secreting organ ; nor the opinion that the 
elements of the non-azotised food, conveyed directly 
by the circulation to every part of the body, where 
change of matter is going on, may there unite with 
the elements of the metamorphosed tissues, to form 
the constituents of the bile and of the urine. 

82. If we now assume, that certain medicinal 
agents may become constituents of secretions, this 
can only occur in two ways. Either they enter the 
circulation, and take a direct share in the change of 
matter, in so far as their elements enter into, the 
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composition of the new products ; or they are con- 
veyed to the organs of secretion, where they exert 
an influence on the formation or on the quality of a 
secretion by the addition of their elements. 

In either case, they must lose in the organism 
their chemical character ; and we know with suffi- 
cient certainty, that this, class of medicinal bodies 
disappears in the body without leaving a trace. In 
fact, if we ascribe to them any effect, they cannot 
lose their peculiar character by the action of the 
stomach ; their disappearance, therefore, presupposes 
that they have been applied to certain purposes, 
which cannot be imagined to occur without a change 
in their composition. 

83. Now, however limited may be our knowledge 
of the composition of the different secretions, with 
the exception of the bile, this much is certain, that 
all the secretions contain nitrogen chemically com- 
bined. They pass into fetid putrefaction^ and yield 
either in this change, or in the dry distillation, am- 
moniacal products. Even the saliva, when acted on 
by caustic potash, disengages ammonia freely. 

84. Medicinal or remedial agents may be divided 
into two classes, the nitrogenised and the non-ni- 
trogenised. The nitrogenised vegetable principles, 
whose composition differs from that of the proper 
nitrogenised elements of nutrition, also produced by 
a vegetable organism, are distinguished, beyond all 
others, for their powerful action on the animal eco- 
nomy. 
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The effects of these substances are singularly 
varied ; from the mildest form of the action of 
aloes, to the most terrible poison, strychnia, we 
observe an endless variety of different actions. 

With the exception of three, all these substances 
produce diseased conditions in the healthy organ- 
ism, and are poisonous in certain doses. Most of 
them are, chemically speaking, basic or alkaline. 

No remedy, devoid of nitrogen, possesses a poison- 
ous action in a similar dose.* 

85. The medicinal or poisonous action of the 
nitrogenised vegetable principles has a fixed rela- 
tion to their composition ; it cannot be supposed 
to be independent of the nitrogen they contain, 
but is certainly not in direct proportion to the quan- 
tity of nitrogen. 

Solanine (38), and picrotoxine (39), which con- 
tain least nitrogen, are powerful poisons. Quinine 
(40) contains more nitrogen than morphia (41). 
Caffeine (42), and theobromine, the most highly 
nitrogenised of all vegetable principles, are not 
poisonous. 

86. A nitrogenised body, which exerts, by means 
of its elements, an inftuenee on the formation or on 
the quality of a secretion, tnust, in regard to its 

* This consideration or comparative view has led lately to a 
more accurate investigation of the composition of picrotoxine, 
the poisonous principle of cocculus indicus ; and M. Francis has 
discovered the existence of nitrogen in it, hitherto overlooked, 
and has also determined its amount. 

N 
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chemical character, be capable of taking the same 
share as the nitrogenised products of the animal 
body do in the fomfation of the bile ; that is, it 
must play the same part as a product of the vital 
process. On the other hand, a non-azotised medi- 
cinal agent, in so far as its action affects the secre- 
tions, must be capable of performing in the animal 
body the same part as that which we have ascribed 
in the formation of the bile, to the non-azotised 
elements of food. 

Thus, if we suppose that the elements of hippuric 
or uric acids are derived from the substance of the 
organs in which vitality resides ; that, as products 
of the transformation of these organs, they lose the 
vital character, without losing the capacity of under- 
going changes under the influence of the inspired 
oxygen, or of the apparatus of secretion ; we can 
hardly doubt that similar nitrogenised compounds, 
products of the vital process in plants, when intro- 
duced into the animal body, may be employed by 
the organism exactly in the same way as the nitro- 
genised products of the metamorphosis of the ani- 
mal tissues themselves. If hippuric and uric acids, 
or any of their elements, can take a share, for ex- 
ample, in the formation and supply of bile, we must 
allow the same power to other analogous nitro- 
genised compounds. 

We ^hall never, certainly, be able to discover 
how men were led to the use of the hot infusion of 
the leaves of a certain shrub (tea), or of a decoction 
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of certain roasted seeds (coffee). Some cause there 
must be, which would explain how the practice has 
become a necessary of life to whole nations. But 
it is surely still more remarkable, that the beneficial 
effects of both plants on the health must be ascribed 
to one and the same substance, the presence of 
which in two vegetables, belonging to different 
natural families, and the produce of different quar- 
ters of the globe, could hardly have presented itself 
to the boldest imagination. Yet recent researches 
have shewn, in such a manner as to exclude all 
doubt, that caffeine, the peculiar principle of coffee, 
and theine, that of tea, are, in all respects, identical. 

It is not less worthy of notice, that the American 
Indian, living entirely on flesh, discovered for him- 
self, in tobacco smoke, a means of retarding the 
change of matter in the tissues of his body, and 
thereby of making hunger more endurable ; and 
that he cannot withstand the action of brandy, 
which, acting as an element of respiration, puts 
a stop to the change of matter by performing the 
function which properly belongs t(^the products of 
the metamorphosed tissues. Tea and coffee were 
originally met with among nations whose diet is 
chiefly vegetable. 

87. Without entering minutely into the medi- 
cinal action of caffeine (theine), it will surely appear 
a most striking factj even if we were to deny its 
influence on the process of secretion, that this sub- 
stance, with the addition of oxygen and the elements 

N 2 
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of water> can yield taurine, the nitrogenised com- 
pound peculiar to bile : 

I at. ca£f(nne or tbeine ss CsNsH^ O3 

9 at. water = 11909 

9 at. oxygen = O9 

= 2 at. taufine.^.... ?= 2 (C4NH70|tf) 

A similar relation exists in the case of the pecu- 
liar principle of asparagus and of althaea, asparagine; 
which also, by the addition of oxygen and the 
elements of water, yields the elements of taurine : 

I at. asparagine = CgNsHg 0$ 
6 at. water. ^.... = HsO^ 

8 at. oxygen ... = Og 

= 2 at. taurine = 2 (C4NH7O10) 

The addition of the elements of water and of a 
certain quantity of oxygen to the elements of theo- 
bromine, the characteristic principle of the cacao 
bean (theobroma cacao), yields the elements of 
taurine and urea, of taurine, carbonic acid, and 
ammonia, or of taurine and uric acid : 



?* 1 U at. taurine CiJtiAfiM^ 

---- "^"f=1lat.urea...CNAO. 

16 at. oxygen ... Ou) [^ 



1 at. theobronune C18N9H10O4 ^ r . 

I 1 4 at. 

22 at. water HmOmI=< 

1 1 at. 



or- 
1 at. theobromine CitN« H10O4 ') (4 at. taurine Ci«N« H904a 
24 at. water . 
16 at. oxygen. 



H10O4 1 r4 at. taurine C,«N« H«04 

HmOm [^'I 2 at. carb. add C, O4 

O18 J I2 at. ammonia Nt He 



C^ja^ O44 Ci,N, HmO** 



AND THEOBROMINE TO BILE AND URINE. ISl 



or — 
1 at. theobromine CMNeHio04 '\ f 

8 at. water H^ 0, IJ^ *^- ^^™' C,N,H,,0„ 

14 at. oxygen O J l^ ^^' ^" ^'^^ ^^^^"^ ^* 



88. To see how the action of caffeine, asparagine, 
theobromine, &c., may be eixplained, we must call 
to tnind that the chief constituent of the bile 
contains only 3'8 per cent, of nitrogen, of which 
only the half, or 1*9 per cent., belongs to the tau- 
rine. 

Bile contain^, in its natural state, water and solid 
matter, in the proportion of 90 parts by weight of the 
former to 10 of the latter. If we suppose thepe 10 
parts by weight of solid matter to be choleic acid, 
with 3*87 per cent, of nitrogen, then 100 parts of 
fresh bile will contain 0'171 parts of nitrogen in 
the shape of taurine. Now this quantity is con.- 
tained in 0*6 parts of caffeine ; or 2T^ths grains of caf- 
feine can give to an ounce of bile the nitrogen it 
contains, in the form of taurine* If an infusion of 
tea contain no more than the i^th of a grain of caf- 
feine, still, if it contribute in point of fact to tl^e 
formation of bile, the action, even of such a quan- 
tity, cannot be looked upon as a nullity. Neither 
can it be denied that in the case of an excess of 
non-azotised food and a deficiency of motion, which 
is required to cause the change of matter in the tis- 
sues, and thus to yield the nitrogenised product 
which enters into the composition of the bile ; that 



182 MODE OF ACTION OF VEGETABLE 

in such a condition, the health may be benefited by 
the use of compounds which are capable of sup- 
plying the place of the nitrogenised product pro- 
duced in the healthy state of the body, and essen- 
tial to the production of an important element of 
respiration. In a chemical sense— and it is this 
alone which the preceding remarks are intended to 
shew— caffeine or theine, asparagine, and theobro- 
mine, are, in virtue of their composition, better 
adapted to this purpose than all other nitrogen- 
ised vegetable principles. The action of these sub^ 
stances, in ordinary circumstances, is not obvious, 
but it unquestionably exists. 

89. With respect to the action of the other nitro- 
genised vegetable principles, such as quinine, or the 
alkaloids of opium, &c., which manifests itself, not in 
the processes of secretion, but in phenomena of an- 
other kind, physiologists and pathologists entertain 
no doubt that it is exerted chiefly on the brain and 
nerves. This action is commonly said to be dyna- 
mic — ^that is, it accelerates, or retanls, or alters in 
some way the phenomena of motion in animal life. 
If we reflect that this action is exerted by sub- 
stances which are material, tangible and ponder- 
able ; that they disappear in the organism ; that a 
double dose acts more powerfully than a single one ; 
that, after a time, a fresh dose must be given, if we 
wish to produce the action a second time ; all these 
considerations, viewed chemically, permit only one 
form of explanation ; the supposition, namely, that 
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these compounds, by means of their elements, take 
a share in the formation of new, or the transforma- 
tion of existing brain and nervous matter. 

However strange the idea may, at first sight, ap- 
pear, that the alkaloids of opium or of cinchona 
bark, the elements of codeine, morphia, quinine, 
&c., may be converted into constituents of brain 
and nervous matter, into organs of vital energy, 
from which the organic motions of the body derive 
their origin ; that these substances form a consti- 
tuent of that matter, by the removal of which the 
seat of intellectual life, of sensation, and of con- 
sciousness, is annihilated: it is, nevertheless, cer- 
tain, that all these forms of power and activity are 
most closely dependant, not only on the existence, 
but also on a certain quality of the substance of the 
brain, spinal marrow, and nerves ; insomuch, that 
all the manifestations bf the life or vital energy of 
these modifications of nervous matter, which are 
recognized as the phenomena of motion, sensation, 
or feeling, assume another form as soon as their 
composition is altered. The animal organism has 
produced the brain and nerves out of compounds 
furnished to it by vegetables ; it is the constituents 
of the food of the animal, which, in consequence 
of a series of changes, have assumed the properties 
and the structure which we find in the brain and 
nerves. 

90. If it must be admitted as an undeniable 
truth, that the substance of the brain and nerves is 
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produced from the elements of vegetable albumen, 
fibrine and caseine, either alone, or with the aid of 
the elements of non-azotised food, or of the fat 
formed from the latter, there is nothing absurd in 
the opinion, that other constituents of vegetables, 
intermediate in composition between the fats and 
the compounds of proteine, may be applied in the 
organism to the same purpose. 

91. According to the researches of Fremy, the 
chief constituent of the fat found in the brain is a 
compound of soda with a peculiar acid, the cerebric 
acid^ which contains, in 100 parts. 

Carbon ... ... ... ... ... 66*7 

Hydrogen 10*6 

Nitrogen 2"3 

Phosphorus 0*9 

Oxygen ... ... ... ... ••• 19*5 

It is easy to see that the composition of c6rebric 
acid differs entirely, both from that of ordinary fats 
and of the compounds of proteine. Common fats 
contain no nitrogen, while the compounds of pro- 
teine contain nearly 17 per cent. Leaving the 
phosphorus out of view, the composition of this 
acid approaches most nearly to that of choleic acid, 
although these two compounds are quite distinct. 

92. Brain and nervous matter is, at all events, 
formed in a manner similar to that in which bile is 
produced ; either by the separation of a highly ni- 
trogenised compound from the elements of blood, or 
by the combination of a nitrogenised product of the 



OF THE NERVOUS MATTER. 185 

vital process with a non-azotised compouiid (pro- 
bably, a fetty body). All that has been said in the 
preceding pages on the various possible ways by 
which the bile might be supposed to be formed, all 
the conclusions which we attained in regard to the 
co-operation of azotised and non-azotised elements 
of food, may be applied with equal justice and equal 
probability to the formation and production of the 
nervous substance. 

We must not forget that, in whatever light we 
may view the vital operations, the production of 
nervous matter from blood presupposes a change in 
the composition and qualities of the constituents of 
blood. That such a change occurs is as certain as 
that the existence of the nervous matter cannot be 
denied. In this sense, we must assume, that from 
a compound of proteine may be formed a first, se- 
cond, third, &c., product, before a certain number of 
its elements can become constituents of the nervous 
matter ; and it must be considered as quite certain, 
that a product of the vital process in a plant, intro- 
duced into the blood, will, if its composition be 
adapted to this purpose, supply the place of the first, 
second, or third product of the alteration of the 
compound of proteine. Indeed it cannot be consi- 
dered merely accidental, that the composition of the 
most active remedies, namely, the vegetable alka- 
loids, cannot be shewn to be related to that of any 
constituent of the body, except only the substance 
of the nerves and brain. All of these contain a 
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certain quantity of nitrogen, and, in regard to their 
composition, they are intermediate between the 
compounds of proteine and the fats. 

93. In contradistinction to their chemical charac- 
ter, we find that the substance of the brain exhibits 
the characters of an acid. It contains fex more 
oxygen than the organic bases or alkaloids. We 
observe, that quinine and cinchonine, morphia and 
codeine, strychnia and brucia, which are, respectively, 
so nearly alike in composition, if they do not pro- 
duce absolutely the some eflTect, yiet resemble each 
other in their action more than those which differ 
more widely in composition. We find that their 
energy of action diminishes, as the amount of oxy- 
gen they contain increases (as in the case of narco- 
tine), and that, strictly speaking, no one of them 
can be entirely replaced by another. There cannot 
be a more decisive proof of the nature of their ac- 
tion than this last fact ; it must stand in the closest 
relation to their composition. If these compounds, 
in point of fact, are capable of taking a share in 
the 'formation or in the alteration of the qualities 
of brain and nervous matter, their action on the 
healthy as well as the diseiased organism admits of 
a surprisingly simple explanation. If we are not 
tempted to deny, that the chief constituent of soup 
may be applied to a purpose corresponding to its 
composition in the human body, or that the organic 
constituent of bones may be so employed in the 
body of the dog, although that substance (gelatine 
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in both cases) is absolutely incapable of yielding 
blood; if, therefore, nitrogenised compounds, to- 
tally different from the compounds of proteine, may 
be employed for purposes corresponding to* their 
composition ; we may thence conclude that a product 
of vegetable life, also different from proteine, but 
similar to a constituent of the animal body, may be 
employed by the organism in the same way and for 
the same purpose as the natural product, originally 
formed by the vital energy of the animal organs, 
and that, indeed, from a vegetable substance. 

The time is not long gone by^ when we had not 
the very slightest conception of the cause of the vari- 
ous effects of opium, and when the action of cinchona 
bark was shrouded in incomprehensible obscurity. 
Now that we know that these effects are caused by 
crystallizable compoimds, which differ as much in 
composition as in their action on the system ; now 
that we know the substances to which the medi- 
cinal or poisonous energy must be ascribed, it would 
argue only want of sense to consideir the action of 
these substances inexplicable; and to do so, as 
many have done, because they act in very minute 
doses, is as unreasonable as it would be to judge of 
the sharpness of a razor by its weight. 

94. It would serve no purpose to give these con*- 
siderations a greater extension at present. How- 
ever hypothetical they may appear, they only de- 
serve attention in so far as they point out the way 
which chemistry pui-sues, and which she ought not 
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to quit, if she would really be of service to physio- 
logy and pathology. The combinations of the che- 
mist relate to the change of matter, forwards and 
backwards, to the conversion of food into the various 
tissues and secretions, and to their metamorphosis 
into lifeless compounds ; his investigations ought to 
tell us what has taken place and what can take 
place in the body. It is singular that we find me- 
dicinal agencies all dependant on certain matters, 
which differ in composition ; and if, by the intro- 
duction of a substance, certain abnormal conditions 
are rendered normal, it vrill be impossible to reject 
the opinion, that this phenomenon depends on a 
change in the composition of the constituents of the 
diseased organism, a change in which the elements 
of the remedy take a share ; a share similar to that 
which the vegetable elements of food have taken in 
the formation of fat, of membranes, of the saliva, of 
the seminal fluid, &c. Their carbon, hydrogen, or 
nitrogen, or whatever else belongs to their compo- 
sition, are derived from the vegetable organism ; 
and, after all, the action and effects of quinine, mor- 
phia, and the vegetable poisons in general, are no 
hypotheses. 

95. Thus, as we may say, in a certain sense, of 
caffeine or theine and asparagine, &c., as well as 
of the non-azotised elements of food, that they are 
food for the liver, since they contain the elements, 
by the presence of which that organ is enabled to 
perform its functions, so we may consider these ni- 
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trogenised Compounds, so remarkable for their action 
on the brain and on the substaiice of the organs of 
motion, as elements of food for the organs as yet 
unknown, which are destined for the metamorphosis 
of the constituents of the blood into nervous sub- 
stance and brain. Such organs there must be in 
the animal body, and if, in the diseased state, an ab- 
normal process of production or transformation of 
the constituents of cerebral and nervous matter has 
been established ; if, in the organs intended for this 
purpose, the power of forming that matter out of 
the constituents of blood, or the power of resisting 
an abnormal degree of activity in its decomposition 
or transformation, has been diminished ; then, in a 
chemical sense, there is no objection to the opinion,, 
that substances of a composition analogous to that 
of nervous and cerebral niatter, and, consequently, 
adapted to form that matter, may be employed, in- 
stead of the substances produced from the blood, 
either to furnish the necessary resistance, or to re- 
store the normal condition. 

96. Some physiologists and chemists have (ex- 
pressed doubts of the peculiar and distinct character 
of cerebric acid, a substance which, from its amount 
of carbon and hydrogen, and from its external cha- 
racters, resembles a nitrogenised fetty acid. But 
a nitrogenised fat, having an acid character, is, 
in fact, no anomaly. Hippuric acid is in many of 
its characters very similar to the fatty acids, but is 
essentially distinguished from them by containing 
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nitrogen. The organic constituents of bile resem- 
ble the acid resins in physical characters, and yet 
contain nitrogen. The organic alkalies are inter- 
mediate in their physical characters between the 
fats and resins, and they all contain nitrogen. A 
nitrogenised fatty acid is as little improbable as the 
existence of a nitrogenised resin with the characters 
of a base. 

97. An accurate investigation would probably 
discover diflferences in the composition of the brain, 
spinal marrow, and nerves. According to the ob- 
servations of Valentin, the quality of the cerebral 
and nervous substance is very rapidly altered from 
the period of death, and very uncommon precau- 
tions would be required for the separation of foreign 
matters, not properly belonging to the substance of 
tiie spiBal marrow or brain. But, however difficult 
it may appear, the investigation seems jirt to be 
practicable. We know, in the meantime, that all 
experience is against the notioji of a large amount 
of carbon and hydrogen in the substance of the 
brain. The absence of nitrogen as an element of 
the cerebral and nervous matter, appears, at all 
events, improbable. This substance, moreover, can- 
not be classed with ordinary fats, because we find 
the cerebric acid combined with soda, whereas, all 
fats are compounds of fatty acids with oxide • of 
glycerule. In regard to the phosphorus of the 
brain, we can only guess as to the form in which 
the phosphorus exists. Walchner observed re- 
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cently that bubbles of spontaneously inflammable 
phosphuretted hydrogen were disengaged from the 
trough of a spring in Carlsruhe, on the bottom of 
which fish had putrefied ; and gases containing phos- 
phorus have also been observed among the products 
of the putrefaction of the brain.* 

* The curator of the museum at (Geneva gave to M. Leroyer, 
apothecary, a large quantity of spirit of wine, which had been 
used for the preservation of fishes, and which he undertook to 
purify. He distilled it from a mixture of chloride of calcium and 
quicklime, and evaporated the residue in the air, over a fire. As 
soon as the mass had acquired a certain consistence, and a higher 
temperature, a prodigious quantity of spontaneously inflammable 
phosphuretted hydrogen was disengaged. (Dumas, V. 267.) 
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I. 

It might appear an unprofitable task to add one 
more to the innumerable forms under which the 
human intellect has viewed the nature and essence 
of that peculiar cause which must be considered 
as the ultimate source of the phenomena which 
characterize vegetable and animal life, were it not 
that certain conceptions present themselves as ne- 
cessary deductions from the views on this subject 
developed in the introduction to the first part of 
this work. The following pages will be devoted 
to a more detailed examination of these deductions. 
It must be admitted here, that all these conclu-# 
sions will lose their force and significance, if it can 
be proved that the cause of vital activity has in 
its manifestations nothing in common with other 
known causes which produce motion or change of 
form and structure in matter. 

But a comparison of its peculiarities with the 
modus operandi of these other causes, cannot, at 
all events, fail to be advantageous, inasniuch as 
the nature and essence of natural phenomena are 

o 2 
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recognizable, not by abstraction, but only by com- 
parative observations. 

If the vital phenomena be considered as mani- 
festations of a peculiar force, then the ejTects of 
this force must be regulated by certain laws, which 
laws may be investigated ; and these laws must be 
in harmony with the universal laws of resistance 
and motion, which preserve in their courses the 
worlds of our own and other systems, and which 
also determine changes of form and structure in 
material bodies; altogether independently of the 
matter in which vital activity appears to reside^ or 
of the form in which vitality is manifested. 

The vital force in a living animal tissue appears 
as a cause of growth in the mass, and of resistance 
to those external agencies which tend to alter the 
form, structure, and composition of the substaace of 
the tissue in which the vital energy resides. 

This force iurther manifests itself as a cause of 
motion and of change in the form and structure of 
material substances, by the disturbance and abolition 
of the state of rest in which those chemical forces 
exist, by which the elements of the compounds 
conveyed to the living tissues, in the form of food, 
are held together. 

The vital force causes a decomposition of the 
constituents of food, and destroys the force of at- 
traction which is continually exerted between their 
molecules ; it alters the direction of the chemical 
forces in such wise, that the elements of the con- 
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stituents of food arrange themselves in another 
form, and combine to produce new compounds, 
either identical in composition with the living 
tissues, or differing from them ; it further changes 
the direction and force of the attraction of co- 
hesion, destroys the cohesion of the nutritious com- 
pounds, and forces the new compounds to assume 
forms altogether different from those which are the 
result of the attraction of cohesion when acting 
freely, that is, without resistance. 

The vital force is also manifested as a force of 
attraction, inasmuch as the new compound produced 
by the change of form and structure in the food, 
when it has a composition identical with that of the 
living tissue, becomes a part of that tissue. 

Those newly-formed compounds, whose compo- 
sition differs from that of the living tissue, are 
removed from the situation in which they are 
formed, and, in the shape of certain secretions, 
being carried to other parts of the body, undergo 
in contact with these a series of analogous changes. 

The vital force is manifested in the form of 
resistance, inasmuch as by its presence in the living 
tissues, their elements acquire the power of with- 
standing the disturbance and change in their form 
and composition, which external agencies tend to 
produce ; a power which, simply as chemical com- 
pounds, they do not possess. 

As in the case of other forces, the conception of 
an unequal intensity of the vital force comprehends 
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not only an unequal capacity for growth in the 
mass, and an unequal power of overcoming che- 
mical resistance, but also an inequality in the 
amount of that resistance which the parts or con- 
stituents of the living tissue oppose to a change in 
their form and composition, from the action of new 
external active causes of change ; just as the force 
of cohesion or of affinity is in direct proportion to 
the resistance which these forces oppose to any ex- 
ternal cause, mechanical or chemical, tending to 
separate the molecules, or the elements of an exist- 
ing compound. 

The manifestations of the vital force are depen- 
dent on a certain form of the tissue in which it re- 
sides, as well as on a fixed composition in the sub- 
stance of the living tissue. 

The capacity of growth in a living tissue is de- 
termined by the immediate contact with matters 
adapted to a certain decomposition, or the elements 
of which a-re capable of becoming component parts 
of the tissue in which vitality resides. 

The phenomenon of growth, or increase in the 
mass, presupposes that the acting vital force is more 
powerful than the resistance which the chemical 
force opposes to the decomposition or transforma- 
tion of the elements of the food. 

The manifestations of the vital force are. depen- 
dent on a certain temperature. Neither in a plant 
nor in an animal do vital phenomena occur when 
the temperature is lowered to a certain extent. 
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The phenomena of vitality in a living organism 
diminish in intensity when heat is abstracted, pro- 
vided the lost heat be not restored by other causes; 

Deprivation of food soon puts a stop to all mani- 
festations of vitality. 

The contact of the living tissues with the ele- 
ments of nutrition is determined in the animal body 
by a mechanical force produced within the body, 
which gives to certain organs the power of causing 
change of place, of producing motion, and of ovef- 
eoming mechanical resistance. ' : 

We may communicate motion to a body at rest 
by means of a number of forces, very different in 
their manifestations. Thus, a time-piece may be 
set in motion by a falling weight (gravitation), or 
by a bent spring (elasticity). Every kind of motion 
may be produced by the electric or magnetic force, 
as well as by chemical attraction ; while we cannot 
say, as long as we only consider the manifestation of 
these forcies in the phenomenon or result produced, 
which of these various causes of change of place has 
set the body in motion. 

In the animal organism we are acquainted with 
only one cause of motion ; and ' this is the same 
cause which determines the growth of living tissues, 
and gives them the power' of resistance to external 
agencies ; it is the vital force. 

In order to attain a cfear conception of these 
manifestations of the vital force, so diiferent in 
form, we must bear in mind, that every known 
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force is recognized hj two conditions of actiirity, 
entirely different in the phenomena they offer to the 
attention of the observer. 

The force of gravitation inherent in the particles 
of a stone, gives to them a continual tendency to 
move towards the centre of the earth. 

This effect of gravitation becomes inappreciable 
to the senses when the stone, for example, rests 
upon a table, the particles of which oppose a resist- 
ance to the manifestation of its gravitation. The 
force of gravity, however, is constantly present, and 
manifests itself as a pressure on the supporting 
body ; but the stone remains at rest ; it has no mo- 
tion. The manifestation of its gravity in the state 
of rest we call its weight. 

That which prevents the stone from felling is a 
resistance produced by the force of attraction, by 
which the particles of the wood cohere together ; a 
mass of water would not prevent the fall of the stone. 

If the force which impelled the mass of the stone 
towards the centre of the earth were greater than 
the force of cohesion in the particles of the wood, 
the latter would be overcome ; it would be unable 
to prevent the fall of the stone. 

When we remove the support, and with it the 
force which has prevented the manifestation of the 
force of gravity, the latter at once appears as the 
cause of change of place in the stone, which acquires 
motion, or falls. Resistance is invariably the result 
of a force in action. 
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According as the stone is allowed to fall during a 
longer or shorter time, it acquires properties which 
it had not while at rest ; it acquires, for example, 
the power of overcoming more feehle or more pow- 
erful obstacles, or that of communicating motion to 
bodies in a state of rest. 

If it fall from a certain height it makes a per- 
manent impression on the spot on which it falls ; if 
it fiiU from a still greater height (during a longer 
time) it perforates the table; its own motion is 
communicated to a certain number of the particles 
of the wood which now fall along with the stone 
itself. The stone, while at rest, possessed none of 
these properties. 

The velocity of the falling body is always the 
effect of the moving force, and is, ceteris paribus, 
proportional to the force of gravitation. 

A body, felling freely, acquires at the end of one 
second a velocity of 30 feet. The same body, if 
falling on the moon, would acquire in one second 
only a velocity of i^^V^hs of a foot=l inch, because, 
in the moon, the intensity of gravitation (the pressure 
acting on the body, the moving power) is 360 times 
smaller. 

If the pressure continue uniform, the velocity is 
directly proportional to it; so that, for example, 
the body falling 360 times slower, will, after 360 
seconds, have the same velocity as the other body 
after one second. 

Consequently, the effect is proportional, not to 
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the moving force alone, nor to the time alone, but 
to the pressure multiplied into the time, which is 
called the momentum of force. 

In two equal masses the velocity expresses the 
momentum of force. But under the same pressure 
a body moves more slowly as its mass is greater ; a 
mass twice as great requires, in order to attain in 
the same time an equal velocity, twice the pressure ; 
or, under the single pressure, it must continue in 
motion twice as long. 

In order, therefore, to have an expression for the 
whole effect produced, we must multiply the mass 
into the velocity. This product is called * the 
amount of motion, . ' 

The amount of motion in a given body must in all 
cases correspond exactly to the momentum of force. 

These two, the amoimt of motion and the mo- 
mentum of force, aire also called simply force; 
because we suppose that a less pressm^e acting, for 
example, during 10 seconds, is equal to a pressure 
ten times greater, acting only during one second.' 

The momentum of motion in mechanics signifies 
the effect of a moving force, without reference to 
the time (velocity) in which it was manifested. If 
one man, for example, raises 30 lbs. to a height of 
100 feet, and a second one 30 lbs. to a height of 
200 feet, then the latter has expended twice as 
much force as the former. A third who raises 
60 lbs. to a height of 50 feet, expends no more force 
than the first did in raising 30 lbs. to the height of 
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100 feet. The momentum of motion of the first 
(30X100) is equal to that of the third (60X50), 
while that of the second (30X200) is twice as 
great. 

Momentum of force and momentum of motion 
in mechanics are therefore expressions or measures 
for effects of force, having reference to the velocity 
attained in a given time, or to a given space ; and 
in this sense they may be applied to the effects of all 
other causes of motion, or of change in form and 
structure, however great or however small may be 
the space or the time in which their effects are dis- 
played to the senses. 

Every force, therefore, exhibits itself in matter 
either in the form of resistance to external causes 
of motion, or of change in form and structure ; or 
as a moving force when no resistance is opposed to 
it ; or, finally, in overcoming resistance. 

One and the same force communicates motion 
and destroys motion ; the former, when its manifes- 
tations are opposed by no resistance ; the latter, 
when it puts a stop to the manifestation of . some 
other cause of motion, or of change in form and 
structure. Equilibrium or rest is that state of 
activity in which one force or momentum of motion 
is destroyed by an opposite force or momentuin of 
motion. 

We observe both these manifestations of activity 
in that force which gives to the living tissues their 
peculiar properties. 
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The vital force appears as a moving force or 
cause of motion when it overcomes the chemical 
forces (cohesion and aflSnity) which act between the 
constituents of food, and when it changes the posi- 
tion or place in which their elements occur ; it is 
manifested as a cause of motion in overcoming the 
chemical attraction of the constituents of food, 
and is, further, the cause which compels them to 
combine in a new arrangement, and to assume new 
forms. 

It is plain that a part of the animal body pos- 
sessed of vitality, which has therefore the power of 
overcoming resistance, and of giving motion to the 
elementary particles of the food, by means of the 
vital force manifested in itself must have a mo- 
mentum of motion, which is nothing else than the 
measure of the resulting motion or change in form 
and structure. 

We know that this momentum of motion in the 
vital force, residing in a living part, may be em- 
ployed in giving motion to bodies at rest (that is, in 
causing decomposition, or overcoming resistance), 
and if the vital force is analogous in its manifesta- 
tions to other forces, this momentum of motion 
must be capable of being conveyed or communi- 
cated by matters, which in themselves do not de- 
stroy its effect by an opposite manifestation of force. 

Motion, by whatever cause produced, cannot in 
Itself be annihilated ; it may indeed become inap- 
preciable to the senses, but even when arrested by 
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resistance (by the manifestation of an opposite 
force), its effect is not annihilated. The falling 
stone, by means of the amount of motion acquired 
in its descent, produces an effect when it reaches 
the table. The impression made on the wood, the 
velocity communicated by its parts to those of the 
wood, — all this is its effect. 

If we transfer the conceptions of motion, equi- 
librium, and resistance, to the chemical forces, 
which, in their modus operandi, approach to the 
vital force infinitely nearer than gravitation does, 
we know with the utmost certainty, that they are 
active only in the case of immediate contact. We 
know also, that the unequal capacity of chemical 
compounds to offer resistance to external disturbing 
influences, to those of heat, or of electricity, which 
tend to separate their particles, as well as their 
power of overcoming resistance in other compounds 
(of causing decomposition) ; that, in a word, the 
active force in a compound depends on a certain 
order or arrangement, in which its elementary par- 
ticles touch each other. 

The same elements, united in a different order, 
when in contact with other compounds, exert a 
most unequal power of offering or overcoming re- 
sistance. In one form the force manifested is 
available (the body is active, an acid, for example) ; 
in another not (the body is indifferent, neutral) ; in 
a third form, the momentum of force is opposed to 
that of the first (the body is active, but a base). 



206 THE PHENOMENA OF MOTION 

If we alter the arrangement of the elements, we are 
able to separate the constituents of a compound by 
means of another active body ; while the same ele- 
ments, united in their original order, would have 
opposed an invincible resistance to the action of the 
decomposing agent. 

In the same way as two equal inelastic msisses, 
impelled with equal velocity from ojpposite points, 
on coming into contact are brought to rest ; in the 
same way, therefore, as two equal and opposite mo- 
menta of motion mutually destroy each other ; so 
may the momentum of force in a chemical com- 
pound be destroyed in whole or in part by an equal 
or unequal, and opposite momentum of force in a 
second conipound. But it cannot be annihilated 
as long as the arrangement of the elementary 
particles, by which its inherent force was mani- 
fested, is not changed. 

The chemical force of sulphuric acid is present 
in sulphate of lime as entire as in oil of vitrioL It 
is not appreciable by the senses ; but if the cause 
be removed which prevented its manifestation, it 
appears in its full force in the compound in which 
it properly resides. 

Thus the force of cohesion in a solid may disap-^ 
pear, to the senses, from the action of a chemical 
force (in solution), or of heat (in fusion), without 
being in reality annihilated or even weakened. If 
we remove the opposing force or resistance, the force 
of cohesion appears unchanged in crystallization. 
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By means of the electrical force, or that of heat, 
we can give the most varied directions to the mani- 
festations of chemical force. By these meanis we 
can fix, as it were, the order in which the elemen- 
tary particles shall unite. Let lis remove the cause 
(heat or electricity) which has turned the balance 
in favour of the weaker attraction in one direction^ 
and the stronger attraction will shew itself continu- 
ally active in another direction ; and if this stronger 
attraction can overcome the vis inertise of the ele- 
mentary particles, they will unite in a new form, 
and a new compound of different properties must 
be the result. 

In compounds of this kind, in which, therefore, 
the free manifestation of the chemical force has 
been impeded by other forces, a blow, or mechanical 
friction, or the contact of a substance, the particles 
of which are in a state of motion (decoihposition, 
transformation), or any external cause, whose ac- 
tivity is added to the stronger attraction of the ele- 
mentary particles in another direction, may suffice 
to give the preponderance to this stronger attrac- 
tion, to overcome the vis inertise,, to alter the form 
and structure of the compound, which are the 
result of foreign causes, and to produce the resolu- 
tion of the compound into one or more new com- 
pounds with altered properties. 

Transformations, or as they may be called, phe- 
nomena of motion, in compounds of this class, may 
be effected by means of the free and available 
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chemical force of another chemical compound, and 
that without its manifestation being enfeebled or 
arrested by resistance. Thus the equilibrium in the 
attraction between the elements of canensugar is 
destroyed by contact with a very small quantity of 
sulphuric acid, and it is converted into grapensugar. 
In the same way we see the elements of starch, 
under the same influence, arrange themselves with 
those of water in a new form, while the sulphuric 
acid, which has served to produce these transforma- 
tions, loses nothing of its chemical character. In 
regard to other substances on which it acts, it 
^remains as active as before, exactly as if it had 
exerted no sort of influence on the canensugar or 
starch. 

In contradistinction to the manifestations of the 
so-called mechanical forces, we have recognized in 
the chemical forces causes of motion and of change 
in form and structure, without any observable ex- 
haustion of the force by which these phenomena 
are produced; but the origin of the continued 
manifestation of activity remains still the same ; it 
is the absence of an opposite force (a resistance) 
capable of neutralizing it or bringing it into the 
state of equilibrium. 

As the manifestations of chemical forces (the 
momentum of force in a chemical compound) seem 
to depend on a certain order in which the elemen- 
tary particles are united together, so experience 
tells us, that the vital phenomena are inseparable 
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^ from matter ; that the manifestations of the vital 

force in a living part are determined by a certain 
form of that part, and by a certain arrangement of 
its elementary particles. If we destroy the form, or 
alter the composition of the organ, all manifesta- 
tions of vitality disappear. 

There is nothing to prevent us from considering 
the vital force as a peculiar property, vrhich is pos- 
sessed by certain material bodies, and becomes sen- 
sible when their elementary particles are combined 
in a certain arrangement or form. 

This supposition takes from the vital phenomena 
nothing of their wonderful peculiarity; it may 
therefore be considered as a resting point, from 
which an investigation into these phenomena, and 
the laws which regulate them, may be commenced ; 
exactly as we consider the properties and laws of 
light to be dependant on a certain luminiferous 
matter, or ether, which has no further connection 
with the laws ascertained by investigation. 

Considered under this form, the vital force unites 
in its manifestations all the peculiarities of chemical 
forces, and of the not less wonderful cause, which 
we regard as the ultimate origin of electrical phe- 
nomena. 

The vital force does not act, like the force of gra- 
vitation or the magnetic force, at infinite distances, 
but, like chemical forces, it is active only in the 
case of immediate contact. It becomes sensible by 
means of an aggregation of material particles. 

p 
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A living part acquires, on the above supposition^ 
the capacity of offering and of overcoming re^ 
sistance, by the combination of its elementary par- 
ticles in a certain form; and as long as its fomi 
and composition are not destroyed by opposing 
forces, it must retain its energy uninterrupted and 
unimpaired. 

When, by the act of manifestation of this energy 
in a living part, the elements of the food are made 
to unite in the same form and structure as the 
living organ possesses, then these elements acquire 
the same povrers. By this combination, the vital 
force inherent in them is enabled to manifest itself 
freely, and may be applied in the same way as that 
of the previously existing tissue. 

If, novr, we bear in mind, that all mattersf 
which serve as food to living organisms are com^ 
pounds of two or more elements, which are kept 
together by certain chemical forces ; if we reflect 
that in the act of manifestation of force in a liv- 
ing tissue, the elements of the food are made to 
combine in a new order ; — ^it is quite certain that 
the momentum of force or of motion in the vital 
force was more powerful than the chemical attrac- 
tion existing between the elements of the food.* 

* The hands of a man> who raises with a rope and simple 
pulley, 301bs. to the height of 100 feet, pass over a space of 
100 feet, while his muscular energy furnishes the equilibrium to a 
pressure of 30 lbs. Were the force which the man could exert 
not greater than would suffice to keep in equilibrium a pressure of 
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The chemical force which kept the elements to-^ 
gether acted as a resistance, which was overcome 
by the active vital force. 

Had both forces been equal, no kind of sensible 
effect would have ensued. Had the chemical force 
been the stronger, the living part would have under- 
gone a change. 

If we now suppose that a certain amount of vital 
force must have been expended in bringing to an 
equilibrium the chemical force, there iriust still re- 
main an excess of force, by which the decompo- 
sition was effected. This excess constitutes the 
momentum of force in the living part, by means of 
which the change was produced ; by means of this 
excess the part acquires a permanent power of 
causing further decompositions, and of retaining its 
condition, form, and structure, in opposition to ex- 
ternal agencies. 

We may imagine this excess to be removed, and 
employed in some other form. This would not of 
itself endanger the existence of the living part, 
because the opposing forces would be left in equi- 
librio ; but, by the removal of the excess of force, the 
part would lose its capacity of growth, its power to 
cause further decompositions, and its ability to re- 
sist external causes of change. If, in this state of 
equilibrium, oxygen (a chemical agent) should be 
brought in contact with it, then there would be no 

30 lbs., he would be unable to raise the weight to the height men- 
tioned. 

p2 
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resistance to the tendency of the oxygen to combine 
with some element of the living part, because its 
power of resistance has been taken away by some 
other application of its excess of vital force. Ac- 
cording to the amount of oxygen brought to it, a 
certain proportion of the living part would lose its 
condition of vitality, and take the form of a che- 
mical combination, having a composition different 
from that of the living tissue. In a word, there 
would occur a change in the properties of the living 
compound, or what we have called a change of 
matter. 

If we reflect that the capacity of growth or 
increase of mass in plants is almost unlimited ; that 
a hundred twigs from a willow tree, if placed in the 
soil, become a hundred trees ; we can hardly enter- 
tain a doubt, that with the combination of the ele-^ 
ments of the food of the plant so as to form a part 
of it, a fresh momentum of force is added in the 
newly formed part to the previously existing mo- 
mentum in the plant ; insomuch, that with the in- 
crease of mass, the sum of vital force is augmented. 

According to the amount of available vital force, 
the products formed by its activity from the food 
are varied. The composition of the buds, of the 
radical fibres, of the leaf, of the flower, and of the 
fruit, are very different one from the other; and 
the chemical force by which their elements are held 
together is very different in each of these cases. 

Of the non-azotised constituents of plants we 
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may assert, that no part of the momentum of force 
is expended in maintaining their form and structure, 
when their elements have once combined in that 
order in which they become parts of organs endued 
with vitality. 

Very different is the character of the azotised 
vegetable principles ; for, when separated from the 
plant, they pass, as is commonly said, spontaneously, 
into fermentation and putrefaction. The cause of 
this decomposition or transformation of their ele- 
ments is the chemical action which the oxygen of the 
atmosphere exercises on one of their constituents. 
Now we know, that as long as the plant exhibits 
the phenomena of life, oxygen gas is given off from 
its surface ; that this oxygen is altogether without 
action on the constituents of the living plant, for 
which, in other circumstances, it has the strongest 
attraction. It is obvious, therefore, that a certain 
amount of vital force must be expended, partly to 
retain the elements of the complex azotised prin- 
ciples in the form, order, and structure which be- 
long to them ; and partly as a means of resistance 
against the incessant tendency of the oxygen of the 
atmosphere to act on their elements, as well as 
against that of the oxygen separated in the organ- 
ism of the plant by the vital process. 

With the increase of these eaaily altered com- 
pounds, in the flower and in the fruit, for example, 
the sum of chemical force (the free manifestation 
of which, counteracted by an equal measure of vital 
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force, is employed to furnish resistance) also in- 
creases. 

The plant increases in mass until the vital force 
inherent in it comes into equilibrium with all the 
other causes opposed to its manifestation. From 
this period, every new cause of disturbance, added 
to those previously existing (a change of tempera- 
ture, for example), deprives it of the power of offer- 
ing resistance, and it dies down. 

In perennial plants (in trees, for example), the 
mass of the easily decomposable (azotised) com- 
pounds, compared with that of the non-azotised, is 
so small, that of the whole sum of force, only a mi- 
nimum is expended as resistance. In animals, this 
proportion is reversed. 

During every period of the life of a plant, the 
available vital force (that which is not neutralized 
by resistance) is expended only in one form of vital 
manifestation, that of growth or increase of mass, 
or the overcoming of resistance. No part of this 
force is applied to other purposes. 

In the animal organism, the vital force exhibits 
itself, as in the plant, in the form of the capacity of 
growth, and as the means of resistance to external 
agencies ; but both of these manifestations are con- 
fined within certain limits. 

We observe in animals, that the conversion of 
food into blood, and the contact of the blood with 
the living tissues, are determined by a mechanical 
force, whose manifestation proceeds from distinct 
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organs, and is effected by a distinct system of or- 
gans, possessing the property of communicating and 
extending the motion which they receive. We find 
the power of the animal to change its place and to 
produce mechanical effects by means of its limbs, 
dependant on a second similar system of organs or 
apparatus. Both of these systems of apparatus, as 
well as the phenomena of motion proceeding from 
them, are wanting in plants. 

In order to form a clear conception of the origin 
and source of the mechanical motions in the animal 
body, it may be advantageous to reflect on the mo- 
dus operandi of other forces, which in their manir 
festations are most closely allied to the vital force. 

When a number of plates of zinc and copper, 
arranged in a certain order, are brought into con- 
tact with an acid, and when the extremities of the 
apparatus are joined by means of a metallic wire, a 
chemical action begins at the surface of the plates 
of zinc, and the wire, in consequence of this action, 
acquires the most singular and wonderful properties. 

The wire appears as the carrier or conductor of a 
force, which may be conducted and communicated 
through it in every direction with amazing velocity. 
It is the conductor or propagator of an uninterrupted 
series of manifestations of activity. 

Such a propagation of motion is inconceivable, if 
in the wire there were a resistance to be overcome ; 
for every resistance would convert a part of the 
moving force into a force at rest. 
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When the wire is diyided iB the middle, and 
its continuitj interrupted* the propagation of force 
ceases, and we obsenre, that in this case the action 
between the zinc and the acid is immediately 
stopped. 

If the communication be restored, the action 
which had disappeared reappears with all its origi- 
nal energy. 

By means of the force present in the wire, we 
can produce the most yaried effects ; we can over- 
come aU kinds of resistance, raise weights, set ships 
in motion, &c. And, what is still more remarkable, 
the wire acts as a hollow tube, in which a current 

a 

of chemical force circulates freely and without hin- 
drance. 

Those properties which, when firmly attached to 
certain bodies, we call the strongest and most ener- 
getic affinities, we find, to all appearance, free and 
uncombined in the wire. We can transport them 
from the wire to other bodies, and thereby give to 
them an affinity (a power of entering into combina- 
tion) which in themselves they do not possess. Ac- 
cording to the amount of force circulating in the 
wire, we are able by means of it to decompose com- 
pounds, the elements of which have the strongest 
attraction for each other. Yet the substance of the 
wire takes not the smallest share in all these mani- 
festations of force; it is merely the conductor of 
force. 

We observe, further, in this wire, phenomena of 
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attraction and repulsion, which we must ascribe to 
the disturbance of the equilibrium in the electric 
or magnetic force ; and when this equilibrium is 
restored, the restoration is accompanied by the de« 
velopement of light and heat, its never-failing com- 
panions. 

All these remarkable phenomena are produced 
by the chemical action which the zinc and the acid 
exert on each other; they are accompanied by a 
change in form and structure, which both undergo. 

The acid loses its chemical character; the zinc 
enters into combination with it. The manifestations 
of force produced in the wire are the immediate 
consequence of the change in the properties of the 
acid and the metal. 

One particle of acid after another loses its pecu- 
liar chemical character; and we perceive that in 
the same proportion the wire acquires a chemical, 
mechanical, galvanic, or magnetic force, whatever 
name be given to it. According to the number of 
acid particles which in a given time undergo this 
change, that is, according to the surface of the zinc, 
the wire receives a greater or less amount of these 
forces. 

The continuance of the current of force depends 
on the duration of the chemical action ; and the 
duration of the latter is most closely connected with 
the carrying away, by conduction, of the force. 

If we check the propagation of the current of 
force, the acid retains its chemical character. If 
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we employ it to overcome chemical or mechanical 
resistance, to decompose chemical compounds, or 
to produce motion, the chemical action continues ; 
that is to say, one particle of acid after another 
changes its properties. 

In the preceding paragraphs we have considered 
these remarkable phenomena in a form which is 
independent of the explanations of the schools. Is 
the force which circulates in the wire the electrical 
force? Is it chemical affinity? Is it propagated 
in the conductor like a fluid set in motion, or in 
the form of a series of momenta of motion, like 
light and sound, from one particle of the conductor 
to another? All this we know not, and we shall 
never know. All the suppositions which may be 
employed as explanations of the phenomena have 
not the slightest influence on the truth of these 
phenomena; for they refer merely to the form in 
which they are manifested. 

On some points, however, there is no doubt ; 
namely, that all the effects which may be produced 
by the wire are determined by the change of pro- 
perties in the zinc and in the acid ; for the term 
" chemical action " signifies neither more nor less 
than the act of change in them ; that these effects 
depend on the presence of a conductor, of a sub- 
stance which propagates in all directions, where it 
is not neutralized by resistance, the force or mo- 
mentum produced ; that this force becomes a mo- 
mentum of motion, by means of which we can pro- 
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duce mechanical effects, and which, when transferred 
to other bodies, communicates to them all those pro- 
perties, the ultimate cause of which is the chemical 
force itself; for these bodies acquire the power of 
causing decompositions and combinations, such as, 
without a supply of force through the conductor, 
they could not effect. 

If we employ these well-known facts as means 
to assist us in investigating the ultimate cause of 
the mechanical effects in the animal organism, ob- 
servation teaches us, that the motion of the blood 
and of the other animal fluids proceeds from distinct 
organs, which, as in the case of the heart and in- 
testines, do not generate the moving power in them- 
selves, but receive it from other quarters. 

We know with certainty that the nerves are the 
conductors and propagators of mechanical effects ; 
we know, that by means of them motion is propa* 
gated in all directions. For each motion we recog- 
nize a separate nerve, a peculiar conductor, with 
the conducting power of which, or with its interrup- 
tion, the propagation of motion is affected or de- 
stroyed. 

By means of the nerves all the parts of the body, 
all the limbs, receive the moving force which is in- 
dispensable to their fiinctions, to change of place, 
to the production of mechanical effects. Where 
nerves are not found, motion does not occur. The 
excess of force generated in one place is conducted 
to other parts by the nerves. The force which one 



220 THE PHENOMENA OF MOTION 

organ cannot produce in itself is conveyed to it 
from other quarters; and the vital force which is 
wanting to it, in order to furnish resistance to ex^ 
temal causes of disturbance, it receives in the form 
of excess from another organ, an excess which that 
organ cannot consume in itself. 

We observe further, that the voluntary and in-- 
voluntary motions, in other words, all mechanical 
effects in the animal organism, are accompanied by, 
nay, are dependant on, a peculiar change of form 
and structure in the substance of certain living 
parts, the increase or diminution of which change 
stands in the very closest relation to the measure of 
motion, or the amount of force consumed in the 
motions performed. 

As an immediate effect of the manifestation of 
mechanical force, we see, that a part of the mus- 
cular substance loses its vital properties, its cha* 
racter of life ; that this portion separates from the 
living part, and loses its capacity of growth and its 
power of resistance. We find that this change of 
properties is accompanied by the entrance of a 
foreign body (oxygen) into the composition of the 
muscular fibre (just as the acid lost its chemical 
character by combining with zinc) ; and all experi- 
ence proves, that this conversion of living muscular 
fibre into compounds destitute of vitality is accele- 
rated or retarded according to the amount of force 
employed to produce motion. Nay, it may safely 
be affirmed, that they are mutually proportional i 
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that a rapid transformation of muscular fibre, or, as 
it may be called, a rapid change of matter, deter- 
mines a greater amount of mechanical force; and 
converselj, that a greater amount of mechanical 
motion (of mechanical force expended in motion) 
determines a more rapid change of matter. 

From this decided relation between the change 
of matter in the animal body and the force con- 
sumed in mechanical motion, no other conclusion 
can be drawn but this, that the active or available 
vital force in certain living parts is the cause of the 
mechanical phenomena in the animal organism. 

The moving force certainly proceeds from living 
parts ; these parts possessed a momentum of force 
or of motion, which they lost in proportion as other 
parts acquired a momentum of force or of motion ; 
they lose their capacity of growth, and their power 
to resist external causes of change. It is obvious 
that the ultimate cause, the vital force, from which 
they acquired those properties, has served for the 
production of mechanical force, that is, has been 
expended in the shape of motion. 

How, indeed, could we conceive that a living part 
should lose the condition of life, should become in- 
capable of resisting the action of the oxygen ccm- 
veyed to it by the arterial blood, and should be 
deprived of the power to overcome chemical re- 
sistance, unless the momentum of the vital force, 
which had given to it all these properties, had been 
expended for other purposes ? 
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By the power of the conductors, the nerves, to 
propagate the momentum of force in a living part, 
or the effect which the active vital force inherent in 
the part produces on all the surrounding parts, in 
all directions where the force, or rather its mo- 
mentum of motion, is consumed without resistance 
(for without motion no change of matter occurs, 
and when motion has begun, there is no longer re- 
sistance), an equilibrium is obviously established in 
the living part, between the chemical forces and 
the remaining vital force ; which equilibrium would 
not have occurred had not vital force been expended 
in producing mechanical motion. 

In this state, any external cause capable of ex- 
erting an influence on the form, structure, and com- 
position of the organ meets with no further re- 
sistance. If oxygen were not conveyed to it, the 
organ would maintain its condition, but without any 
manifestation of vitality. It is only with the com- 
mencement of chemical action that the change of 
matter, that is, the separation of a part of the organ 
in the form of lifeless compounds, begins. 

The change of matter, the manifestation of me- 
chanical force, and the absorption of oxygen, are, in 
the animal body, so closely connected with each 
other, that we may consider the amount of motion, 
and the quantity of living tissue transformed, as 
proportional to the quantity of oxygen inspired and 
consumed in a given time by the animal. For a 
certain amount of motion, for a certain proportion 
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of vital force consumed as mechanical force, an 
equivalent of chemical force is manifested ; that is, 
an equivalent of oxygen enters into combination 
with the substance of the organ which has lost the 
vital force ; and a corresponding proportion of the 
substance of the organ is separated from the living 
tissue in the shape of an oxidised compound. 

All those parts of the body which nature has 
destined to effect the change of matter, that is, to 
the production of mechanical force, are penetrated 
in all directions by a multitude of the most minute 
tubes or vessels, in which a current of oxygen con- 
tinually circulates, in the form of arterial blood. 
To the above-mentioned separation of part of the 
elements of these parts, in other words, to the dis- 
turbance of their equilibrium, this oxygen is abso* 
lutely essential. 

As long as the vital force of these parts is not 
conducted away and applied to other purposes, the 
oxygen of the arterial blood has not the slightest 
effect on the substance of the organized parts ; and 
in all cases, only so much oxygen is taken up as 
corresponds to the conducting power, and, conse- 
quently, to the mechanical effects produced. 

The oxygen of the atmosphere is the proper, ac- 
tive, external cause of the waste of matter in the 
animal body ; it acts like a force which disturbs 
and tends to destroy the manifestation of the vital 
force at every moment. But its effect as a che- 
mical agent, the disturbance proceeding from it, is 
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held in equilibrium by the vital force, which is free 
and ayailable in the living tissue, or is annihilated 
by a chemical agency opposed to that of oxygen, 
the manifestation of which must be considered as 
dependant on the vital force. 

In chemical language, to annihilate the chemical 
action of oxygen, means, to present to it substances, 
or parts of organs, which are capable of combining 
with it. 

The action of oxygen (affinity) is either neutra- 
lized by means of the elements of organized parts, 
which combine with it (after the free vital force has 
been conducted away), or else the organ presents to 
it the products of other organs, or certain matters 
formed from the elements of the food, by the vital 
activity of certain systems of apparatus. 

It is only the muscular system which, in this 
sense, produces in itself a resistance to the che- 
mical action of oxygen, and neutralizes it com-> 
pletely. 

The substance of cellular tissue, of membranes, 
and of the skin, the minutest particles of which are 
not in immediate contact with arterial blood (with 
oxygen), are not destined to undergo this change of 
matter. Whatever changes they may undergo in 
the vital process, affect, in all cases, only their 
sur&ce. 

The gelatinous tissues, mucous membranes, ten-* 
dons, &c., are not designed to produce mechanical 
force; they contain in their substance no con* 
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duotOTS of mechanical effectB. But the muscular 
system is interwoven with innumerable nerves. 
The substance of the uterus is in no respect differ*- 
edt in chemical composition from the other mus- 
cles ; but it is not adapted to the change of matter, 
to the production of force, and contains no organs 
for conducting away the moving power. Cellular 
tissue, gelatinous membranes, and mucous mem- 
branes, are far from being destitute of the power of 
combining with oxygen, when moisture is present ; 
we know that, when moist, they cannot be brought 
in contact with oxygen without undergoing a pro- 
gressive alteration. But one surface of the intes- 
tines and the cells of the lungs are constantly in 
contact with oxygen; and it is obvious that they 
must be as rapidly altered by the chemical action of 
the oxygen in the body as out of it, were it not 
that there exists in the organism itself a source of 
resistance, which completely neutralizes the action 
of the oxygen. Among the means by which this 
resistance is furnished we may include all sub- 
stances which are capable of combining with oxy- 
gen, or acquire that property under the influence 
of the vital force, and which surpass the tissues 
above mentioned in their power of neutralizing its 
chemical action. 

All thope constituents of the body which, in 
themselves, do not possess, in the form of vital 
force, the power of resisting the action of oxygen, 
must be far better adapted for the purpose of com- 
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bining with, and neutralizing it, than those tissues 
which are under the influence of the vital force, 
although onlj through the nerves. In this point of 
view, we cannot fail to perceive, the importance of 
the bile in regard to the substance of the intestines, 
and that of the pulmonary cells, as well as that of 
fat, of mucus, and of the secretions generally. 

When the membranes are compelled from their 
own substance to furnish resistance to the action 
of the oxygen, that is, when there is a deficiency of 
the substances destined by nature for their protec- 
tion, they must, since their renewal is confined 
within narrow limits, yield to the chemical action. 
The lungs and intestines will always simultaneously 
Bufier abnormal changes. 

From the change of matter itself, from the meta- 
morphosis of the living muscular tissue, these organs 
receive the means of resistance to the action of oxy- 
gen which are indispensable to their preservation. 
According to the rapidity of this process, the quan- 
tity of bile secreted increases ; while that of the fat 
present in the body diminishes in the same proper^ 
tion. 

For carrying on the involuntary motions in the 
animal body, a certain amount of vital force is ex- 
pended at every moment of its existence ; and, con- 
sequently, an incessant change of matter goes on ; 
but the amount of living tissue, which, in . conse- 
quence of this form of consumption of vital force, 
loses its condition of life and its capacity of growth. 
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is confined within narrow limits. It is directly 
proportional to the force required for these involun- 
tary motions. 

Now, although we may suppose that the living 
muscular tissue, with a sufficient supply of food, 
never loses its capacity of growth ; that tliis form 
of vital manifestation is continually effective ; this 
cannot apply to those parts of the body whose avail- 
able vital force has been expended in producing me- 
chanical effects. For the waste of matter, in con- 
sequence of motion and laborious exertion, is ex-r 
tremely various in different individuals. 

If we reflect, that the slightest motion of a finger 
consumes force ; that in consequence of the force 
expended, a corresponding portion of muscle dimi- 
nishes in volume ; it is obvious, that an equilibrium 
between supply and waste of matter (in living tissues) 
can only occur when, the portion separated or ex- 
pelled in a lifeless form is, at the same instant ii^ 
which it loses its vital condition, restored in another 

part. 

The capacity of growth or increase in mass de^ 
pends on the momentum of force belonging to each 
part ; and must be capable of continued manifesta^ 
tion (if there be a sufficient supply of nourishment), 
as long as it does not lose this momentum, by ex- 
pending it, for example, in producing motion. 

In all circumstances, the growtjbi itself is restricted 
to the time ; that is to say, it cannot be unlimited 
in a limited time. 

q2 
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A living part cannot increase in volume at the 
same moment in which a portion of it loses the 
vital condition, and is expelled from the organ in 
the form of a lifeless compound ; on the contrary, 
its volume must diminish. 

The continued application of the momentum of 
force in living tissues to mechanical effects deter- 
mines, therefore, a continued separation of matter ; 
and only from the period at which the cause of 
waste ceases to operate, can the capacity of growth 
be manifested. 

Now, since, in different individuals, according to 
the amount of force consumed in producing volun- 
tary mechanical effects, unequal quantities of living 
tissue are wasted, there must occur, in every indi- 
vidual, unless the phenomena of motion are to cease 
entirely, a condition in which all voluntary mo- 
tions are completely checked,, in which, therefore, 
these occasion no waste. This condition is called 
sleep. 

The growth of one part, which is not deprived of 
its vital force, cannot be in the slightest degree 
affected by the consumption of the vital force of 
another part in producing motion. The one may 
increase in volume, while the other diminishes ; and 
the waste in one can neither increase nor diminish 
the supply in the other. 

Now, since the consumption of force for the in- 
voluntary motions continues in sleep, it is plain that 
a waste of matter also continues in that state ; and 
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if the original equilibrium is to be restored, we must 
suppose that, during sleep, an amoimt of force is 
accumulated in the form of living tissue, exactly 
equal to that which was consumed in volimtary and 
involuntary motion during the preceding waking 
period. 

If the equilibrium between waste and supply of 
matter be in the least degree disturbed, this is in- 
stantly seen in the different amount of force avail- 
able for mechanical purposes. 

It is further obvious, that if there should occur a 
disproportion between the conducting power of the 
nerves of voluntary and involuntary motion, a dif- 
ference in the phenomena of motion themselves 
will be perceptible, in the same proportion as the 
one or the other is capable of propagating the 
momentum of force, generated by the change of 
matter. As the motions of the circulating system 
Bud of the intestines increase, the power of pro^ 
ducing mechanical effects in the limbs must dimi- 
nish in the same proportion (as in wasting fevers) ; 
and if, in a 'given time, more vital force has been 
consumed for mechanical purposes (labour, running, 
dancing, &c.) than is properly available for the vo- 
luntary and involuntary motions; if force be ex- 
pended more rapidly than the change of matter can 
be effected in the same time ; then a part of that 
force which is necessary for the involuntary mo- 
tions must be expended in restoring the excess of 
force consumed in voluntary motion. The motions 
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of the heart and of the intestines, in this case, will 
be retarded, or will entirely cease. 

From the unequal degree of conducting power in 
the nerves, we must deduce those conditions which 
are termed paralysis, syncope, and spasm. Para- 
lysis of the nerves of voluntary motion may exist 
without emaciation; but frequently recurring at- 
tacks of epilepsy (in which vital force is rapidly 
wasted in producing mechanical effects) are always 
accompanied by remarkably rapid emaciation. 

It ought to excite the highest admiration when 
we consider with what infinite wisdom the Creator 
has divided the means by which animals and plants 
are qualified for their fimctions, for their peculiar 
vital manifestations. 

The living part of a plant acquires the whole 
force and direction of its vital energy from the ab- 
sence of all conductors of force. By this means the 
leaf is enabled to overcome the strongest chemical 
attractions, to decompose carbonic acid, and to as- 
similate the elements of its nourishment. 

In the flower alone does a process similar to the 
change of matter in the animal body occur. There, 
•phenomena of motion appear ; but the mechanical 
•effects are not propagated to a distance, owing to 
the absence of conductors of force. 

The same vital force which we recognize in the 
plant as an almost unlimited capacity of growth, 
is converted in the animal body into moving 
power (into a current of vital force) ; and a most 



IN THE ANIMAL ORGANISM. 231 

wonderful and wise economy has destined for the 
nourishment of the animal only such compounds as 
have a composition identical with that of the organs 
which generate force, that is, with the muscular 
tissue. The expenditure of force which the living 
parts of animals require, in order to reproduce 
themselves from the blood ; the resistance of the 
chemical force which has to be overcome in the 
azotised constituents of food by the vital agency of 
the organs destined to convert them into blood ; 
these are as nothing compared to the force with 
which the elements of carbonic acid are held to- 
gether. A certain amount of force would necessa- 
rily be prevented from assuming the form of mov- 
ing power, if it were to be expended in overcoming 
chemical resistance ; for the momentum of motion 
of the vital force is diminished by all obstacles. But 
the conversion of the constituents of blood into mus- 
cular fibre (into an organ which generates force) is 
only a cTiange of form. Both have the same com- 
position ; blood is fluid, muscular fibre is solid blood. 
We may even suppose that this change takes place 
without any expenditure of vital force ; for the mere 
passage of a fluid body into the solid state requires 
no manifestation of force, but only the removal of 
obstacles, which oppose that force (cohesion), which 
determines the form of matter, in its manifestations. 
In what form or in what manner the vital force 
produces mechanical effects in the animal body is 
altogether imknown, and is as little to be ascer- 
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tained by experiment as the connection of chemical 
action with the phenomena of motion which we can 
produce with the galvanic battery. All the expla- 
nations which have been attempted are only repre- 
sentations of the phenomenon ; they are, more or 
lesSy exact descriptions and comparisons of known 
phenomena with these, whose cause is unknown. 
In this respect we are like an ignorant man, to 
whom the rise and fall of an iron rod in a cylinder, 
in which the eye can perceive nothing, and its con- 
nection with the turning and motion of a thousand 
wheels at a distance from the piston-rod, appear 
incomprehensible. 

We know not how a certain something, invisible 
and imponderable in itself (heat), gives to certain 
bodies the power of exerting an enormous pressure 
on surrounding objects ; we know not even how this 
something itself is produced when we bum wood oV 
coals. 

So is it with the vital force, and with the phe- 
nomena exhibited by living bodies. The cause of 
these phenomena is not chemical force; it is not 
electricity, nor magnetism ; it is a force which has 
certain properties in Common with all causes of 
motion and of change in form and structure in mate- 
rial substances. It is a peculiar force, because it ex- 
hibits manifestations which are found in no other 
known force. 
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In the living plant, the intensity of the vital force 
far exceeds that of the chemical action of oxygen. 

We know, with the utmost certainty, that, by 
the influence of the vital force, oxygen is separated 
from elements to which it has the strongest affinity ; 
that it is given out in the gaseous form, without 
exerting the slightest action on the juices of the 
plant. 

How powerful, indeed, must the resistance ap- 
pear which the vital force supplies to leaves charged 

« 

with oil of turpentine or tannic acid, when we con- 
sider the affinity of oxygen for these compounds ! 

This intensity of action or of resistance the plant 
obtains by means of the sun's light ; the effect of 
which in chemical actions may be, and is, com- 
pared to that of a very high temperature (a mode- 
rate red heat). 

During the night an opposite process goes on in 
the plant ; we see then that the constituents of the 
leaves and green parts combine with the oxygen of 
the air, a property which in daylight they did not 
possess. 

From these facts we can draw no other conclu- 
sion but this : that the intensity of the vital force 
diminishes with the abstraction of light ; that with 
the approach of night a state of equilibrium is esta- 
blished, and that in complete darkness all those con- 
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stituents of plants which, during the day, possessed 
the power of separating oxygen from chemical com- 
binations, and of resisting its action, lose this power 
completely. 

A precisely similar phenomenon is observed in 
animals. 

The living animal body exhibits its peculiar mani« 
festations of vitality only at certain temperatures. 
When exposed to a certain degree of cold, these 
Tital phenomena entirely cease. 

The abstraction of heat must, therefore, be viewed 
as quite equivalent to a diminution of the vital 
energy ; the resistance opposed by the vital force to 
external causes of disturbance must diminish, in 
certain temperatures, in the same ratio in which the 
tendency of the elements of the body to combine 
with the oxygen of the air increases. 

By the combination of oxygen with the consti- 
tuents of the metamorphosed tissues, the tempera- 
ture necessary to the manifestations of vitality is 
produced in the camivora. In the herbivora, again, 
a certain amount of heat is developed by means of 
those elements of their non-azotised food which 
have the property of combining with oxygen. 

It is obvious that the temperature of an animal 
body cannot change, if the amount of inspired oxy- 
gen increases in the same ratio as the loss of heat 
by external cooling. 

Two individuals, camivora, of equal weight, ex- 
posed to unequal degrees of cold, lose, in a given 
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time, by external cooling, unequal quantities of 
heat. Experience teaches, that if their peculiar 
temperature and their original weight are to remain 
imaltered, they require imequal quantities of food ; 
more in the lower temperature than in the higher. 

The circumstance that the original weight remains 
the same, with unequal quantities of food, obviously 
presupposes, that in the same time a quantity of 
oxygen proportional to the temperature has been 
absorbed; more in the lower than in the higher 
temperature. 

We find that the weight of both individuals, at 
the end of 24 hours, is equal to the original weight. 
But we have assumed that their food is converted 
into blood ; that the blood has served for nutrition ; 
and it is plain, that when the original weight has 
been restored, a quantity of the constituents of the 
body, equal in weight to those of the food, has lost 
its condition of life, and has been expelled in com- 
bination with oxygen. 

The one individual, which, being exposed to the 
lower temperature, consumed more food, has also 
absorbed more oxygen ; a greater quantity of the 
constituents of its body has been separated in com- 
bination with oxygen ; and, in consequence of this 
combination with oxygen, a greater amount of heat 
has been liberated, by which means the heat ab- 
stracted has been restored, and the proper tempera- 
ture of the body kept up. 

Consequently, by the abstraction of heat, provided 
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there be a full supply of food and free access of 
oxygen, the change of matter must be accelerated ; 
andy along with the augmented transformation, in a 
given time, of living tissues, a greater amount of 
vital force must be rendered available for mecha- 
nical purposes. 

With the external cooling, the respiratory mo- 
tions become stronger ; in a lower temperature more 
oxygen is conveyed to the blood ; the waste of 
matter increases, and if the supply be not kept in 
equilibrium with this waste, by means of food, the 
temperature of the body gradually sinks. 

But, in a given time, an unlimited supply of 
oxygen cannot be introduced into the body ; only a 
certain amount of living tissue can lose the state of 
life, and only a limited amount of vital force can be 
manifested in mechanical phenomena. It is only, 
therefore, when the cooling, the generation of force, 
and the absorption of oxygen are in equilibrium 
together, that the temperature of the body can re- 
main unchanged. If the loss of heat by cooling go 
beyond a certain point, the vital phenomena dimi- 
nish in the same ratio ; for the temperature falls, 
and the temperature must be considered as a uni- 
form condition of their manifestation. 

Now experience teaches, that when the tempera- 
ture of the body sinks, the power of the limbs to 
produce mechanical effects (or the force necessary 
to the voluntary motions) is also diminished. The 
condition of sleep ensues, and at last even the invo- 
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luntary motions (those of the heart and intestines, 
for example) cease, and apparent death or syncope 
supervenes. 

It is obvious that the cause of the generation of 
force, namely the change of matter, is diminished, 
because, with the abstraction of heat, as in the plant 
by abstraction of light, the intensity of the vital force 
diminishes. It is also obvious that the momentum 
of force in a living part depends on its proper tem- 
perature; exactly as the effect of a falling body 
stands in a fixed relation to certain other conditions ; 
for example, to the velocity attained in falling. 

When the temperature sinks, the vital energy 
diminishes ; when it again rises, the momentum of 
force in the living parts appears once more in all its 
original intensity. 

The production of force for mechanical purposes, 
and the temperature of the body, must, consequently, 
bear a fixed relation to the amount of oxygen which 
can be absorbed in a given time by the animal body. 

The quantities of oxygen which a whale and a 
carrier's horse can inspire in a given time are very 
unequal. The temperature, as well as the quantity 
of oxygen, is much greater in the horse. 

The force exerted by a whale, when struck with 
the harpoon, his body being supported by the sur- 
rounding medium, and the force exerted by a car- 
rier's horse, which carries its own weight and a 
heavy burden for eight or ten hours, must both bear 
the same ratio to the oxygen consumed. If we 
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take into consideration the time during which the 
force is manifested, it is obvious that the amount of 
force developed by the horse is far greater than in 
the case of the whale. 

In climbing high mountains, where, in conse- 
quence of the respiration of a highly rarefied atmo- 
sphere, much less oxygen is conveyed to the blood, 
in equal times, than in valleys or at the level of the- 
sea, the change of matter diminishes in the same 
ratio, and with it the amount of force available for 
mechanical purposes. For the most part, drowsiness 
and want of force for mechanical exertions come 
on ; after twenty or thirty steps, fatigue compels us 
to a fresh accumulation of force by means of rest 
(al]0orption of oxygen without waste of force in 
voluntary motions). 

By the absorption of oxygen into the substafiee 
of living tissues, these lose their condition of life, 
and are separated as lifeless, unorganised com- 
pounds ; but the whole of the inspired oxygen is not 
applied to these transformations: the greater part 
serves to convert into gas and vapour all matters 
which no longer belong to the organism; and, as 
formerly mentioned, the combination of the ele- 
ments of such compounds with the oxygen produces 
the temperature proper to the animal organism. 

The production of heat and the change of matter 
are closely related to each other ; but although heat 
can be produced in the body without any change of 
matter in living tissues, yet the change of matter 
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cannot be supposed to take place without the co- 
operation of oxygen. 

According to all the observations hitherto made, 
neither the expired air, nor the perspiration, nor the 
urine, contains any trace of alcohol, after indulgence 
in spirituous liquors; and there can be no doubt 
that the elements of alcohol combine with oxygen 
in the body ; that its carbon and hydrogen are given 
off as carbonic acid and water. 

The oxygen which has accomplished this change 
must have been taken from the arterial blood ; for 
we know of no channel, save the circulation of the 
blood, by which oxygen can penetrate into the inte- 
rior of the body. 

Owing to its volatility, and the ease with which 
its vapour permeates animal membranes and tissues, 
alcohol can spread throughout the body in all direc- 
tions. 

If the power of the elements of alcohol to com- 
bine with oxygen were not greater than that of the 
compounds formed by the change of matter, or that 
of the substance of living tissues, they (the elements 
of alcohol) could not combine with oxygen in the 
body. 

It is, consequently, obvious, that by the use of 
alcohol a limit must rapidly be put to the change 
of matter in certain parts of the body. The oxygen 
of the arterial blood, which, in the absence of alco- 
hol, would have combined with the matter of the 
tissues, or with that formed by the metamorphosis 
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of these tissues, now combines with the elements of 
alcohol. The arterial blood becomes venous, with- 
out the substance of the muscles having taken any 
share in the transformation. 

Now we observe, that the developement of heat 
in the body, after the use of wine, increases rather 
than diminishes, without the manifestation of a cor- 
responding amount of mechanical force. 

A moderate quantity of wine, in women and chil- 
dren unaccustomed to its use, produces, on the con- 
trary, a diminution of the force necessary for volun- 
tary motions. Weariness, feebleness in the lunbs, 
and drowsiness, plainly shew that the force available 
for mechanical purposes, in other words, the change 
of matter, has been diminished. 

A diminution of the conducting power of the 
nerves of voluntary motion may doubtless take a 
certain share in producing these sjrmptoms ; but this 
must be altogether without influence on the sum of 
available force. 

What the conductors of voluntary motion cannot 
cany away for effects of force, must be taken up by 
the nerves of involuntary motion, and conveyed to 
the heart, lungs, and intestines. In this case, the 
circulation will appear accelerated at the expense of 
the force available for voluntary motion ; but, as 
was before remarked, without the production of a 
greater amount of mechanical force by the process 
of oxidation of the alcohol. 

Finally, we observe, in hybemating animals, that, 
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during their winter sleep, the capacity of increase in 
mass (one of the chief manifestations of the vital 
force), owing to the absence of food, is entirely sup- 
pressed. In several, apparent death occurs in con- 
sequence of the low temperature and of the diminu- 
tion of vital energy thus produced ; in others, the 
involuntary motions continue, and the animal pre- 
serves a temperature independent of the surround- 
ing temperature. The respirations go on ; oxygen, 
the condition which determines the production of 
heat and of force, is absorbed now as well as in the 
former state of the animal ; and previous to the 
winter sleep, we find all those parts of their body, 
which in themselves are imable to fiimish resistance 
to the action of the oxygen, and which, like the 
intestines and membranes, are not destined for the 
change of matter, covered with fat ; that is, sur- 
rounded by a substance which supplies the want of 
resistance. 

If we now suppose, that the oxygen absorbed 
during the winter sleep combines, not with the ele- 
ments of living tissues, but with those of the fat, 
then the living part, although a certain momentum 
of motion be expended in keeping up the circula- 
tion, will not be separated and expelled from the 
body. 

With the return of the higher temperature, the 
capacity of growth increases in the same ratio, and 
the motion of the blood increases with the absorp- 
tion of oxygen. Many of these animals become 

R 
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emaciated during the winter sleep, others not till 
after awaking from it. 

In hjbemating animals the active force of the 
living parts is exclusively devoted, during hyberna- 
tion, to the support of the involuntary motions. The 
expenditure of force in voluntaiy motion is entirely 
suppressed. 

In contradistinction to these phenomena, we 
know that, in the case of excess of motion and . 
exertion, the active force in living parts may be 
exclusively and entirely consumed in producing 
voluntary mechanical effects ; in suchwise that no 
force shall remain available for the involuntary mo- 
tions. A stag may be hunted to death ; but this 
cannot occur without the metamorphosis of all the 
living parts of its muscular system, and its flesh be- 
comes uneatable. The condition of metamorphosis 
into which it has been brought by an enormous 
consumption both of force and of oxygen, continues 
when all phenomena of motion have ceased. In the 
living tissues, all the resistance offered by the vital 
force to external agencies of change is entirely de- 
stroyed. 

But however closely the conditions of the produc- 
tion of heat and of force may seem to be connected 
together, with reference to mechanical effects, yet 
the disengagement of heat can in no way be consi- 
dered as in itself the only cause of these effects. 

All experience proves, that there is, in the organ- 
ism, only one source of mechanical power ; and this 
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source is the conversion of living parts into lifeless, 
amorphous compounds. 

Proceeding from this truth, which is independent 
of all theory, animal life may be viewed as deter- 
mined by the mutual action of opposed forces ; of 
which one class must be considered as catises of in^ 
crease (of supply of matter), and the other as cames 
of diminution (of waste of matter). 

The increase of mass is eflPected in living parts by 
the vital force ; the manifestation of this power is 
dependant on heat ; that is, on a certain tempera- 
ture peculiar to each specific organism. 

The cause of waste of matter is the chemi- 
cal action of oxygen; and its manifestation is de- 
pendant on the abstraction of heat as well as oh 
the expenditure of the vital force for mechanical 
purposes. 

27ie act of waste of matter is called the change of 
matter ; it occurs in consequence of the absorption of 
omfgen into the substance of living parts. This ab' 
sorption of omfgen occurs only when the resistance 
which the vital force of living parts opposes to the 
chemical action of the owygen is weaker than that che- 
mical action ; and this weaker resistance is determined 
by the abstraction of heaty or by the ea?penditure in 
mechanical motions of the available force of living 
parts. 

By the combination of the oxygen introduced in 
the arterial blood with such constituents of the body 
as offer no resistance to its action, the temperature 

e2 
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necessary for the manifestation of vital activity is 
produced. 

From the relations between the consumption of 
oxygen on the one haiad, and the change of matter 
and developement of heat on the other, the follow- 
ing general rules may be deduced. 

For every proportion of oxygen which enters into 
combination in the body, a corresponding proportion 
of heat must be generated. 

The sum of force available for mechanical pur- 
poses must be equal to the sum of the vital forces 
of all tissues adapted to the change of matter. 

If, in equal times, unequal quantities of oxygen 
are consumed, the result is obvious, in an unequal 
amount of heat liberated, and of mechanical force. 

When unequal amounts of mechanical force are 
expended, this determines the absorption of corre- 
sponding and unequal quantities of oxygen. 

For the conversion of living tissues into lifeless 
compounds, and for the combination of oxygen with 
such constituents of the body as have an affinity for 
it, time is required. 

In a given time, only a limited amount ot me- 
chanical force can be manifested, and only a limited 
amount of heat can be liberated. 

That which is expended, in mechanical effects, in 
the shape of velocity, is lost in time ; that \% to say, 
the more rapid the motions are, the sooner or the 
more quickly is the force exhausted. 

The sum of the mechanical force produced in a 
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^ven time is equal to the sum of force necessary, 
during the same time, to produce the voluntary and 
involuntary motions ; that is, all the force which 
the heart, intestines, &c., require for their motions 
is lost to the voluntary motions. 

The amount of azotised food necessary to restore 
the equilibrium between waste and supply is directly 
proportional to the amount of tissues metamor- 
{)hosed. 

The amount of living matter, which in the body 
loses the condition of life, is, in equal temperatures, 
directly proportional to the mechanical effects pro- 
duced in a given time. 

The amount of tissue metamorphosed in a given 
time may be measured by the quantity of nitrogen 
in the urine. 

The sum of the mechanical effects produced in 
two individuals, in the same temperature, is propor- 
tional to the amount of nitrogen in their urine ; 
whether the mechanical force has been employed in 
voluntary or involuntary motions, whether it has 
been consumed by the limbs or by the heart and 
other viscera. 

That condition of the body which is called health 
includes the conception of an equilibrium among 
all the causes of waste and of supply ; and thus 
animal life is recognized as the mutual action of 
both ; and appears as an alternating destruction and 
restoration of the state of equilibrium. 

In regard to its absolute amount, the waste and 
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supply of matter is, in the different periods of life, 
unequal ; but, in the state of health, the available 
vital force must always be considered as a constant 
quantity, corresponding to the sum of living par- 
ticles. 

Growth, or the increase of mass, stands, at every 
age, in a fixed relation to the amount of vital force 
consumed as moving power. 

The vital force, which is expended for mechanical 
purposes, is subtracted from the sum of the force 
available for the purpose of increase of mass. 

The active force, which is consumed in the body 
in overcoming resistance (in causing increase of 
mass), cannot, at the same time, be employed to 
produce mechanical effects. 

Hence it follows necessarily, that when, as in 
childhood, the supply exceeds the waste of matter, 
the mechanical effects produced must be less in the 
same proportion. 

With the increase of mechanical effects produced, 
the capacity of increase of mass or of the supply of 
waste in living tissues must diminish in the same 
proportion. 

A perfect balance between the consumption of 
vital force for supply of matter and that for me- 
chanical effects occurs, therefore, only in the adult 
state. It is at once recognized in the complete 
supply of the matter consumed. In old age more 
is wasted; in childhood more is supplied than 
wasted. 
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The force available for mechanical purposes in an 
adult man is reckoned, in mechanics, equal to i(^th 
of his own weight, which he can move during eight 
hours, with a velocity of five feet in two seconds. 

If the weight of a man be 150 lbs., his force is 
equal to a weight of 80 lbs. carried by him to a 
distance of 72,000 feet. For every second his 
momentum of force is = 30x2-5 = 75 lbs.; and for 
the whole day's work, his momentum of motion 
is = 30 X 72,000 = 216,000. 

By the restoration of the original weight of his 
body, the man collects again a sum of force which 
allows him, next day, to produce, without exhaus-* 
tion, the same amount of mechanical effects. 

This supply of force is furnished in a seven hours' 
sleep. 

In manufactories of rolled iron it frequently hap- 
pens, that the pressure of the engine, going at its 
ordinary rate, is not sufficient to force a rod of iron 
of a certain thickness to pass below the cylinders- 
The workman, in this case, allows the whole force 
of the steam to act on the revolving wheel, and not 
until this has acquired a great velocity does he bring 
the rod under the rollers ; when it is instantly flat- 
tened with great ease into a plate, while the wheel 
gradually loses the velocity it had acquired. What 
the wheel gained in- velocity, the roller gained in 
force ; by this process force was obviously collected, 
accumulated in the velocity ; but in this sense force 
does not accumulate in the living organism. 
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The restoration of force is effected, in the animal 
body, by the transformation of the separated parts, 
destined for the production of force, and by the ex- 
penditure of the active vital force in causing formar- 
Hon of new parts ; and, with the restoration of the 
separated or effete parts, the organism recovers a 
force equal to that which has been expended. 

It is plain, that the vital force manifested, during 
sleep, in the formation of new parts must be equal 
to the whole sum of the moving power expended in 
the waking state in all mechanical effects whatever, 
pltcs a certain amount of force, which is required for 
carrying on those involuntary motions which con- 
tinue during sleep. 

From day to day, the labouring man, with suffi- 
cient food, recovers, in seven hours* sleep, the whole 
sum of force ; and without reckoning the force 
necessary for the involuntary motions which may 
be considered equal in all men, we may assume, that 
the mechanical force available for work is directly 
proportional to the number of hours of sleep. 

The adult man sleeps 7 hours, and wakes 17 
hours ; consequently, if the equilibrium be restored in 
24 hours, the mechanical effects produced in 17 hours 
must be equal to the effects produced during 7 
hours in the shape of formation of new parts. 

An old man sleeps only 3^-hours ; and if every 
thing else be supposed the same as in the case of 
the adult, he will be able, at all events, to produce 
half of the mechanical effects produced by an adult 
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of equal weight ; that is, he will be able to carry 
only 15 lbs. instead of 30 to the same distance. 

The infant at the breast sleeps 20 hours and 
wakes only four ; the active force consumed in forma- 
tion of new parts is, in this case, to that consumed in 
mechanical effects (in motion of the limbs), as 20 to 
4 ; but his limbs possess no momentum of force, for 
he cannot yet support his own body. If we assume, 
that the aged man and infant consume in mechani- 
cal effects a quantity of force corresponding to the 
proportion available in the adult, then the mechani- 
cal effects are proportional to the number of waking 
hours, the formation of new parts to the number of 
hours of sleep, and we shall have : 

Force expended in Force expended in 

mechanical effects, formation of new parts. 



In the adult 17 

In the infant 4 

In the old man 20 



7 

20 

4 



In the adult, a perfect equilibrium takes place 
between waste and supply ; in the old man and in 
the infant, waste and supply are not in equilibrium. 
If we make the consumption of force in the 17 
waking hours equal to that required for the restora- 
tion of the equilibrium during sleep == 100 = 17 
waking hours, = 7 hours of sleep, we obtain the 
following proportions. The mechanical effects are 
to those in the shape of formation of new parts : 

In the adult man = 100 : 100 
In the infant . . . = 25 : 250 
In the old man... = 125: 50. 
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Or the increase of mass to the diminution by 
waste : 

In the adult man s^ 100 : 100 
In the infant ... :=r 100: 10 
In the old man... = 100 : 250 

It is consequently clear, that if the old man 
performs an amount of work proportional to the 
sleeping hours of the adult, the waste will be greater 
than the supply ; that is, his body will rapidly de- 
crease in weight, if he carry 15 lbs. to the distance 
of 72,000 feet with a velocity of 2^ feet in the 
second; but he will be able, without injury, to 
carry 6 lbs. to the same distance. 

In the infant the increase is to the decrease as 
10 to 1, and consequently, if we in his case increase 
the expenditure of force in mechanical effects to ten 
times its proper amount, there will thus be estab- 
lished only an equilibrium between waste and sup- 
ply. The child, indeed, will not grow ; but neither 
will it lose weight. 

If, in the adult man, the consumption of force 
for mechanical purposes in 24 hours be augmented 
beyond the amount restorable in seven hours of 
sleep, then, if the equilibrium is to be restored, less 
force, in the same proportion, must be expended in 
mechanical effects in the next 24 hours. If this be 
not done, the mass of the body, decreases, and the 
state characteristic of old age more or less decidedly 
supervenes. 

With every hour of sleep the sum of available 
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force increases in the old man, or approaches the 
state of equilibrium between waste and supply 
which exists in the adult. 

It is further evident, that if a part of the force 
which is available for mechanical purposes, without 
disturbing the equilibrium, should not be consumed 
in moving the limbs, in raising weights, or in other 
labour, it will be available for involuntary motions. 
If the motion of the heart, of the fluids, and of the 
intestines (the circulation of the blood and diges- 
tion), are accelerated in proportion to the amount 
of force not consumed in voluntary motions, the 
weight of the body will neither increase nor diminish 
in 24 hours. The body, therefore, can only increase 
in mass, if the force accumulated during sleep, and 
available for mechanical purposes, is employed nei- 
ther for voluntary nor for involuntary motions. 

The numerical values above given for the expen- 
diture of force in the human body refer, as has been 
expressly stated, only to a given, uniform tempe- 
rature. In a different temperature, and with defi- 
cient nourishment, all these proportions must be 
changed. 

If we surround a part of the body with ice or 
snow, while other parts are left in the natural state, 
there occurs, more or less quickly, in consequence of 
the loss of heat, an accelerated change of matter in 
the cooled part. 

The resistance of the living tissues to the action 
of oxygen is weaker at the cooled part than in the 
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other parts ; and this, in its eftects, is equivalent to 
an increase of resistance in these other parts. 

The momentum of force of the vitality in the 
parts which are not cooled is expended, as before, 
in mechanical motion ; but the whole action of the 
inspired oxygen is exerted on the cooled part. 

If we imagine an iron cylinder, into which we 
admit steam under a certain pressure, then if the 
force with which the particles of the iron cohere be 
equal to the force which tends to separate them, an 
equilibrium will result ; that is, the whole effect of 
the steam will be neutralized by the resistance. 
But if one of the sides of the cylinder be moveable, 
a piston-rod, for example, and offer to the pressure 
of the steam a less resistance than other parts, the 
whole force will be expended in moving this one 
side — that is, in raising the piston-rod. If we do not 
introduce fresh steam (fresh force), an equilibnum 
will soon be established. The piston-rod resists a 
certain force without moving, but is raised by an in- 
creased pressure. When this excess of force has 
been consumed in motion, it cannot be raised 
higher ; but if new vapour be continually admitted, 
the rod will continue to move. 

In the cooled part of the body, the living tissues 
offer a less resistance to the chemical action of the 
inspired oxygen ; the power of the oxygen to unite 
with the elements of the tissues is, at this part, ex- 
alted. When the part has once lost its condition of 
life, resistance entirely ceases ; and in consequence of 
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the combination of the oxygen with the elements of 
the metamorphosed tissues, a greater amount of 
heat is liberated. 

For a given amount of oxygen, the heat produced 
is, in all cases, exactly the same. In the cooled 
part, the. change of matter, and with it the disen- 
gagement of heat, increases ; while in the other 
parts the change of matter and liberation of heat 
decrease. But when the cooled part, by the union 
of oxygen with the elements of the metamorphosed 
tissues, has recovered its original temperature, the 
resistance of its living particles to the oxygen con- 
veyed to them again increases, and, as the resistance 
of other parts is now diminished, a more rapid 
change of matter now occurs in them, their tempe- 
rature rises, and along with this, if the cause of the 
change of matter continue to operate, a larger 
amount of vital force becomes available for mecha- 
nical purposes. 

Let us now suppose that heat is abstracted from 
the whole surface of the body ; in this case the 
whole action of the oxygen will be directed to the 
skin, and in a short time the change of matter 
must increase throughout the body. Fat, and all 
such matters as are capable of combining with the 
oxygen which is brought to them in larger quantity 
than usual, will be expelled from the body in the 
form of oxidised compounds. 
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III. 
THEORY OF DISEASE. 

Every substimee or matter, every chemical or 
mechanical agency, which changes or disturbs the 
restoration of the equilibrium between the mani- 
festations of the causes of waste and supply, in such 
a way as to add its action to the causes of waste, is 
called a cause of disease. Disease occurs when the 
sum of vital force, which tends to neutralize all 
causes of disturbance (in other words, when the 
resistance offered by the vital force), is weaker than 
the acting cause of disturbance. 

Death is that condition in which all resistance on 
the part of the vital force entirely ceases. So long 
as this condition is not established, the living tis- 
sues continue to offer resistance. 

To the observer, the action of a cause of disease 
exhibits itself in the disturbance of the proportion 
between waste and supply which is proper to each 
period of life. In medicine, every abnormal condi- 
tion of supply or of waste, in all parts or in a single 
part of the body, is called disease. 

It is evident that one and the same cause of dis- 
ease will produce in the organism very different 
effects, according to the period of life ; and that a 
certain amount of disturbance, which produces dis- 
ease in the adult state, may be without influence in 
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childhood or in old age. A cause of disease may, 
when it is added to the cause of waste in old age, 
produce death (annihilate all resistance on the part 
of the vital force) ; while in the adult state it may 
produce only a disproportion between supply and 
waste ; and in infancy, only an equilibrium between 
supply and waste (the abstract state of health). 

A cause of disease which strengthens the causes 
of supply, either directly, or indirectly by weakening 
the action of the causes of waste, destroys, in the 
child and in the adult, the relative normal state of 
health ; while in old age it merely brings the waste 
and supply into equilibrium. 

A child, lightly clothed, can bear cooling by a low 
external temperature without injury to health ; the 
force available for mechanical purposes and the tem- 
perature of its body increase with the change of 
matter which follows the cooling; while a high 
temperature, which impedes the change of matter, 
is followed by disease. 

On the other hand, we see, in hospitals and chari- 
table institutions (in Brussels, for elample) in which 
old people spend the last years of life, when the 
temperature of the dormitory, in winter, sinks 2 
or 3 degrees below the usual point, that by this 
slight degree of cooling the death of the oldest and 
weakest, males as well as females, is brought about. 
They are found lying tranquilly in bed, without the 
slightest symptoms of disease,. or of the usual recog- 
nizable causes of death. 
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A deficiency of resistance, in a living part, to tlie 
causes of waste is, obviously, a deficiency of resist- 
ance to the action of the oxygen of the atmosphere. 

When, from any cause whatever, this resistance 
diminishes in a living part, the change of matter 
increases in an equal degree. 

Now, since the phenomena of motion in the ani- 
mal body are dependant on the change of matter, 
the increase of the change of matter in any part is 
followed by an increase of all motions. According 
to the conducting power of the nerves, the available 
force is carried away by the nerves of involuntary 
motion alone, or by all the nerves together. 

Consequently, if, in consequence of a diseased 
transformation of living tissues, a greater amount of 
force be generated than is required for the produc- 
tion of the normal motions, it is seen in an accele- 
ration of all or some of the involuntary motions, as 
well as in a higher temperature of the diseased part. 

This condition is cslled fever. 

When a great excess of force is produced by 
change of matter, the force, since it can only be 
consumed by motion, extends itself to the apparatus 
of voluntary motion. 

This state is called a febrile paroa^t/sm. 

In consequence of the acceleration of the circu- 
lation in the state of fever, a greater amount of 
arterial blood, and, consequently, of oxygen, is con- 
veyed to the diseased part, as well as to all other 
parts ; and if the active force in the healthy parts 
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continue uniform, the whole action of the excess of 
oxygen must be exerted on the diseased part alone. 

According as a single organ, or a system of organs, 
is affected, the change of matter extends to one 
part alone, or to the whole affected system. 

Should there be formed, in the diseased parts, 
in consequence of the change of matter, from the 
elements of the blood or of the tissue, new products, 
which the neighbouring parts cannot employ for 
their own vital fimctions ; — should the surrounding 
parts, moreover, be unable to convey these products 
to other parts, where they may undergo transformar 
tion, then these new products will suffer, at the place 
where they have been formed, a process of decom- 
position analogous to fermentation or putrefaction. 

In certain cases, medicine removes these diseased 
conditions, by exciting in the vicinity of the dis- 
eased part, or in any convenient situation, an artifi- 
cial diseased state (as by blisters, sinapisms, or 
setons) ; thus diminishing, by means of artificial 
disturbance, the resistance offered to the external 
causes of change in these parts by the vital force. 
The physician succeeds in putting an end to the 
original diseased condition, when the disturbance 
artificially excited (or the diminution of resistance 
in another part) exceeds in amount the diseased 
state to be overcome. 

The accelerated change of matter and the ele- 
vated temperature in the diseased part shew, that 
the resistance offered by the vital force to the 

s 
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action of oxygen is feebler than in the healthy 
state. But this resistance only ceases entirely when 
death takes place. By the artificial diminution of 
resistance in another part, the resistance in the dis- 
eased organ is not indeed directly strengthened ; but 
the chemical action (the cause of the change of 
matter) is diminished in the diseased part, being di- 
rected to another part, where the physician has suc- 
ceeded in producing a still more feeble resistance 
to the change of matter (to the action of oxygen). 

A complete cure of the original disease occurs, 
when external action and resistance, in the diseased 
part, are brought into equilibrium. Health and the 
restoration of the diseased tissue to its original con- 
dition follow, when we are able so far to weaken 
the disturbing action of oxygen, by any means, that 
it becomes inferior to the resistance offered by the 
vital force, which, although enfeebled, has never 
ceased to act ; for this proportion between these 
causes of change is the uniform and necessary con- 
dition of increase of mass in the living organism. 

In cases of a different kind, where artificial ex- 
ternal disturbance produces no effect, the physician 
adopts other indirect methods to exalt the resist- 
ance offered by the vital force. These methods, the 
result of ages of experience, are such, that the most 
perfect theory could hardly have pointed them out 
more acutely or more justly than has been done 
by the observation of sagacious practitioners. He 
diminishes, by blood-letting, the number of the 
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carriers of oxygen (the globules), and by this means 
the conditions of change of matter; he excludes 
from the food all such matters as are capable of 
conversion into blood ; he gives chiefly or entirely 
non-azotised food, which supports the respiratory 
process, as well as fruit and vegetables, which con- 
tain the alkalies necessary for the secretions. 

If he succeed, by these means, in diminishing the 
action of the oxygen in the blood on the diseased 
part, so far that the vital force of the latter, its 
resistance, in the smallest degree overcomes the 
chemical action; and if he accomplish this, with- 
out arresting the functions of the other organs, then 
restoration to health is certain. 

To the method of cure adopted in such cases, if 
employed with sagacity and acute observation, there 
is added, as we may call it, an ally on the side of 
the diseased organ, and this is the vital force of the 
healthy parts. For, when blood is abstracted, the 
external causes of change are diminished also in 
them, and their vital force, formerly neutralized by 
these causes, now obtains the preponderance. The 
change of matter, indeed, is diminished throughout 
the body, and with it the phenomena of motion ; 
but the sum of all resisting powers, taken together, 
increases in proportion as the amount of the oxygen 
acting on them in the blood is diminished. In the 
sensation of hunger^ this resistance, in a certain 
sense, makes itself known ; and the preponderat- 
ing vital force exhibits itself, in many patients 

s 2 
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when hunger is felt, in the form of an abnormal 
growth, or an abnormal metamorphosis of certain 
parts of organs. Sympathy is the transference of 
diminished resistance from one part, not exactly to 
the next, but to more distant organs, when the 
functions of both mutually influence each other. 
When the action of the diseased organ is connected 
with that of another — ^when, for example, the one 
no longer produces the matters necessary to the per- 
formance of the functions of the other — ^then the 
diseased condition is transferred, but only appa- 
rently, to the latter. 

In regard to the nature and essence of the vital 
force, we can hardly deceive ourselves, when we 
reflect, that it behaves, in all its manifestations, 
exactly like other natural forces ; that it is devoid 
of consciousness or of volition, and is subject to the 
action of a blister. 

The nerves, which accomplish the voluntary and 
involuntary motions in the body, are, according to 
the preceding exposition, not the producers, but 
only the conductors of the vital force ; they propa- 
gate motion, and behave towards other causes of 
motion, which in their manifestations are analogous 
to the vital force, towards a current of electricity, 
for example, in a precisely analogous manner. They 
permit the current to traverse them, and present, as 
conductors of electricity, all the phenomena which 
they exhibit as conductors of the vital force. In 
the present state of our knowledge, no one, proba- 
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biy, will imagine that electricity is to be considered 
as the cause of the phenomena of motion in the 
body ; but still, the medicinal action of electricity, 
as well as that of a magnet, which, when placed in 
contact with the body, produces a current of elec- 
tricity, cannot be denied. For to the existing force, 
of motion or of disturbance there is added, in the 
electrical current, a new cause of motion and of 
change in form and structure, which cannot be 
considered as altogether ineflScient. 

Practical medicine, in many diseases, makes use 
of cold in a highly rational manner, as a means of 
exalting and accelerating, in an unwonted degree, the 
change of matter. This occurs especially in certain 
morbid conditions in the substance of the centre of 
the apparatus of motion ; when a glowing heat and a 
rapid current of blood towards the head point out an 
abnormal metamorphosis of the brain. When this 
condition continues beyond a certain time, experi- 
ence teaches that all motions in the body cease. If 
the change of matter be chiefly confined to the 
brain, then the change of matter, the generation of 
force, diminishes in all other parts. By surrounding 
the head with ice, the temperature is lowered, but 
the cause of the liberation of heat continues ; the 
metamorphosis, which decides the issue of the dis- 
ease, is limited to a short period. We must not 
forget, that the ice melts and absorbs heat from the 
diseased part ; that if the ice be removed before the 
completion of the metamorphosis, the temperature 



262 THEORY OF DISEASE. 

again rises ; that far more heat is removed by means 
of ice than if we were to surround the head with a 
bad conductor of heat. There has obviously been 
liberated in an equal time a far larger amount of 
heat than in the state of health ; and this is only 
rendered possible by an increased supply of oxygen, 
which must have determined a more rapid change 
of matter. 

The self-regulating steam-engines, in which, to 
produce a uniform motion, the human intellect has 
shevm the most admirable acuteness and sagacity, 
furnish no imapt image of what occurs in the animal 
body. 

Every one knows, that in the tube which conveys 
the steam to the cylinder where the piston-rod is 
to be raised, a stop-cock of peculiar construction 
is placed, through which all the steam must pass. 
By an arrangement connected with the regulating 
wheel, this stop-cock opens when the wheel moves 
slower, and closes more or less completely when 
the wheel moves faster than is required for a 
uniform motion. When it opens, more steam is 
admitted (more force), and the motion of the ma- 
chine is accelerated. When it shuts, the steam is 
more or less cut off, the force acting on the piston- 
rod diminishes, the tension of the steam increases, 
and this tension is accumulated for subsequent use. 
The tension of the vapour, or the force, so to speak, 
is produced by change of matter, by the combustion 
of coals in the fire-place. The force increases (the 
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amount of steam generated and its tension increase) 
with the temperature in the fire-place, which de- 
pends on the supply of coals and of air. There are 
in these engines other arrangements, all intended 
for regulation. When the tension of steam in the 
boiler rises beyond a certain point, the passages for 
admission of air close themselyes ; the combustion 
is retarded, the supply of force (of steam) is dimin- 
ished. When the engine goes slower, more steam 
is admitted to the cylinder, its tension diminishes, 
the air passages are opened, and the cause of dis- 
engagement of heat (or production of force) in- 
creases. Another arrangement supplies the fire- 
place incessantly with coals in proportion as they 
are wanted. 

If we now lower the temperature at any part of 
the boiler, the tension within is diminished ; this is 
immediately seen in the regulators of force, which 
act precisely as if we had removed from the boiler 
a certain quantity of steam (force). The regulator 
and the air passages open, and the machine supplies 
itself with more coals. 

The body, in regard to the production of heat and 
of force, acts just like one of these machines. With 
the lowering of the external temperature, the respi- 
rations become deeper and more frequent ; oxygen 
is supplied in greater quantity and of greater den- 
sity ; the change of matter is increased, and more 
food must be supplied, if the temperature of the 
body is to remain unchanged. 
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It is hardlj necessary to mention, that in the 
body, the tension of yapour cannot, any more than 
an electrical current, be considered the cause of the 
production of force. 

From the theory of disease developed in the pre- 
ceding pages, it follows obviously, that a diseased 
condition once established, in any part of the body, 
cannot be made to disappea.r by the chemical action 
of a remedy. A limit may be put by a remedy to 
an abnormal process of transformation ; that process 
may be accelerated or retarded ; but this alone does 
not restore the normal (healthy) condition. 

The art of the physician consists in the knowledge 
of the means which enable him to exercise an in- 
fluence on the duration of the disease ; and in the 
removal of all disturbing causes, the action of which 
strengthens or increases that of the actual cause of 
disease. 

It is only by a just application of its principles 
that any theory can produce really beneficial results. 
The very same method of cure may restore health 
in one individual, which, if applied to another, may 
prove fatal in its effects. Thus in certain inflamma- 
tory diseases, and in highly muscular subjects, the 
antiphlogistic treatment has a very high value; 
while in other cases blood-letting produces unfavour- 
able results. The vivifying agency of the blood 
must ever continue to be the most important condi- 
tion in the restoration of a disturbed equilibrium, 
which result is always dependant on the saving of 
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time ; and the blood must, therefore, be considered 
and constantly kept in view, as the ultimate and 
most powerful cause of a lasting vital resistance, as 
well in the diseased as in the unaffected parts of 
the body. 

It is obvious, moreover, that in all diseases where 
the formation of contagious matter and of exanthe- 
mata is accompanied by fever, two diseased condi- 
tions simultaneously exist, and two processes are 
simultaneously completed ; and that the blood, as 
it were by re-action (i. e. fever), becomes a means of 
cure, as being the carrier of that substance (oxygen) 
without the aid of which the diseased products can- 
not be rendered harmless, destroyed, or expelled 
from the body ; a means of cure by which, in short, 
neutralization or equilibrium is effected. 



IV. 
THEORY OF RESPIRATION. 

During the passage of the venous blood through 
the lungs, the globules change their colour; and 
with this change of colour, oxygen is absorbed from 
the atmosphere. Further, for every volume of oxy- 
gen absorbed, an equal volume of carbonic acid is, 
in most cases, given out« 

The red globules contain a compound of iron; 
and no other constituent of the body contains iron. 

Whatever change the other constituents of the 
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blood undergo in the lungs, thus much is certain^ 
that the globules of venous blood experience a 
change of colour, and that this change depends on 
the action of oxygen. 

Now we observe that the globules of arterial 
blood retain their colour in the larger vessels, and 
lose it only during their passage through the ca- 
piUaries. All those constituents of venous blood, 
which are capable of combining with oxygen, take 
up a corresponding quantity of it in the lungs. 
Experiments made with arterial serum have shewn, 
that when in contact with oxygen it does not dimin- 
ish the volume of that gas. Venous blood, in con- 
tact with oxygen, is reddened, while oxygen is ab- 
sorbed ; and a corresponding quantity of carbonic 
acid is formed. 

It is evident that the change of colour in the 
venous globules depends on the combination of some 
one of their elements with oxygen ; and that this 
absorption of oxygen is attended with the separation 
of a certain quantity of carbonic acid gas. 

This carbonic acid is not separated from the se- 
rum ; for the serum does not possess the property, 
when in contact with oxygen, of giving off carbonic 
acid. On the contrary, when separated from the 
globules, it absorbs from half its volume to an equal 
volume of carbonic acid, and, at ordinary tempera- 
tures, is not saturated with that gas. (See the ar- 
ticle " Blut " in the " Handworterbuch der Chemie 
von Poggendorff, Wohler, and Liebig, p. 877.) 
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Arterial blood, when drawn from the body, is 
soon altered ; its florid colour becomes dark red. 
The florid blood, which owes its colour to the glo- 
bules, becomes dark by the action of carbonic acid, 
and this change of colour afiects the globules, for 
florid blood absorbs a number of gases which do not 
dissolve in the fluid part of the blood when sepa-» 
rated from the globules. It is evident^ therefore^ that 
the globules have the power of combining with gases. 

The globules of the blood change their colour in 
different gases ; and this change may be owing either 
to a combination or to a decomposition. 

Sulphuretted hydrogen turns them blackish green 
and finally black ; and the original red colour can- 
not, in this case, be restored by contact with oxygen. 
Here a decomposition has obviously taken place. 

The globules darkened by carbonic acid become 
again florid in oxygen, with disengagement of car- 
bonic acid. The same thing takes place in nitrous 
oxide. It is clear that they have here undergone 
no decomposition, and, consequently, they possess 
the power of combining with gases, while the com" 
pbfund they form with carbonic acid is destroyed by 
owygen. When left to themselves, out of the body, 
the compound formed with oxygen again becomes 
dark, but does not recover its florid colour a second 
time by the action of oxygen. 

The globules of the blood contain a compound of 
iron. From the never-failing presence of iron in 
red blood, we must conclude, that it is unquestion- 
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ably necessary to animal life ; and, since physiology 
has proved, that the globules take no share in the 
process of nutrition, it cannot be doubted that they 
play a part in the process of respiration.. 

The compound of iron in the globules has the 
characters of an oxidised compound ; for it is de-. 
composed by sulphuretted hydrogen, exactly in the 
same way as the oxides or other analogous com-*, 
pounds of iron. By means of diluted mineral acids, 
peroxide (sesquioxide) of iron may be extracted, at 
the ordinary temperature, from the fresh or dried 
red colouring matter of the blood. 

The characters of the compounds of iron may, 
perhaps, assist us to explain the share which that 
metal takes in the respiratory process. No other 
metal can be compared with iron, for the remark-' 
able properties of its compounds. 

The compounds of protoxide of iron possess the 
property of depriving other oxidised compounds of 
oxygen ; while the compounds of peroxide of iron, 
under other circumstances, give up oxygen with the 
utmost facility. 

Hydrated peroxide of iron, in contact with organic 
matters destitute of sulphur, is converted into car- 
bonate of the protoxide. 

Carbonate of protoxide of iron, in contact with 
water and oxygen, is decomposed ; all the carbonic 
acid is given off, and, by absorption of oxygen, it 
passes into the hydrated peroxide, which may again 
be converted into a compound of the protoxide. 
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Not only the oxides of iron, but also the cyanides 
of that metal, exhibit similar properties. Prussian 
blue contains iron in combination with all the or- 
ganic elements of the body ; hydrogen and oxygen 
(water), carbon and nitrogen (cyanogen). 

When it is exposed to light, cyanogen is given 
off, and it becomes white ; in the dark it attracts 
oxygen, and recovers its blue colour. 

All these observations, taken together, lead to the 
opinion that the globules of arterial blood contain 
a compound of iron saturated with oxygen, which, 
in the living blood, loses its oxygen during its pas- 
sage through the capillaries. The same thing occurs 
when it is separated from the body, and begins to 
undergo decomposition (to putrefy). The compound, 
rich in oxygen, passes, therefore, by the loss of oxy- 
gen (reduction), into one far less charged with that 
element. One of the products of oxidation formed 
in this process is carbonic acid. The compound of 
iron in the venous blood possesses the property of 
combining with carbonic acid; and it is obvious, 
that the globules of the arterial blood, after losing a 
part of their oxygen, will, if they meet with car- 
bonic acid, combine with that substance. 

When they reach the lungs, they will again take 
up the oxygen they have lost ; for every volume of 
oxygen absorbed, a corresponding volume of car- 
bonic acid will be separated; they will return to 
their former state ; that is, they will again acquire 
the power of giving off oxygen. 
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For every volume of oxygen which the globules 
can give off, there will be formed (as carbonic acid 
contains its own volume of oxygen, without conden- 
sation) neither more nor less than an equal volume 
of carbonic acid. For every volume of oxygen 
which the globules are capable of absorbing, no 
more carbonic acid can possibly be separated than 
that volume of oxygen can produce. 

When carbonate of protoxide of iron, by the 
absorption of oxygen, passes into the hydrated 
peroxide, there are given ofl^ for every volume of 
oxygen necessary to the change from protoxide to 
peroxide, four volumes of carbonic acid gas. 

But from one volume of oxygen only one volume 
of carbonic acid can be produced ; and the absorption 
of one volume of oxygen can only cause, directly, 
the separation of an equal volume of carbonic acid. 
Consequently, the substance or compound which has 
lost its oxygen, during the passage of arterial into 
venous blood, must have be^i capable of absorbing or 
combining with esrbcmM^ acid ; and we find, in point 
of fact, that the living blood is never, in any state, 
saturated with carbonic acid ; that it is capable of 
taking up an additional quantity, without any appa- 
rent disturbance of the function of the globules. 
Thus, for example, after drinking effervescing wines, 
beer, or mineral waters, more carbonic acid must 
necessarily be expired than at other times. In all 
cases, where the oxygen of the arterial globules has 
been partly expended, otherwise than in the format 
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tion of carbonic acid, the amount of this latter gas 
expired will correspond exactly with that which has 
been formed ; less, however, will be given out after 
the use of fat and of still wines, than after cham- 
pagne. 

According to the views now developed, the glo- 
bules of arterial blood, in their passage through the 
capillaries, yield oxygen to certain constituents of 
the body. A small portion of this oxygen serves to 
produce the change of matter, and determines the 
separation of living parts and their conversion into 
lifeless compounds, as well as the formation of the 
secretions and excretions. The greater part, how- 
ever, of the oxygen is employed in converting into 
oxidised compounds the newly formed substances, 
which no longer form part of the living tissues. 

In their return towards the heart, the globules 
which have lost their oxygen combine with carbonic 
acid, producing venous blood ; and, when they reach 
the lungs, an exchange takes place between this 
carbonic acid and the oxygen of the atmosphere. 

The organic compound of iron, which exists in 
venous blood, recovers in the lungs the oxygen it 
has lost, and, in consequence of this absorption of 
oxygen, the carbonic acid in combination with it is 
separated. 

All the compounds present in venous blood, which 
have an attraction for oxygen, are converted, in the 
lungs, like the globules, into more highly oxidised 
compounds; a certain amount of carbonic acid is 
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formed, of which a part always remains dissolved in 
the serum of the blood. 

The quantity of carbonic acid dissolved, or of that 
combined with soda, must be equal in venous and 
arterial blood, since both have the same tempera- 
ture ; but arterial blood, when drawn, must, after a 
short time, contain a larger quantity of carbonic 
acid than venous blood, because the oxygen of the 
globules is expended in producing that compound. 

Hence, in the animal organism, two processes of 
oxidation are going on ; one in the lungs, the other 
in the capillaries. By means of the former, in spite 
of the degree of cooling, and of the increased evapo- 
ration which takes place there, the constant tempe- 
rature of the lungs is kept up ; while the heat of 
the rest of the body is supplied by the latter. 

A man, who expires daily 13'9 oz. of carbon, in 
the form of carbonic acid, consumes, in 24 hours, 
37 oz. of oxygen, which occupy a space equal to 
807 litres == 51,648 cubic inches (hessian). 

If we reckon 18 respirations to a minute, we 
have, in 24 hours, 25,920 respirations ; and, conse- 
quently, in each respiration, there are taken into the 
blood H5lo = 1*99 cubic inch of oxygen. 

In one minute, therefore, there are added to the 
constituents of the blood 18 X 1*99 = 35*8 cubic 
inches of oxygen, which, at the ordinary tempera- 
ture, weigh rather less than 12 grains. 

If we now assume, that in one minute 10 lbs. of 
blood pass through the lungs (Miiller, Physiologie, 



THEORY OF RESPIRATION. 273 

VoL i. p. 346), and that this quantity of blood mea- 
sures 320 cubic inches> then 1 cubic inch of oxygen 
unites with 9 cubic inches of blood, very nearly. 

According to the researchiBS of Denis, Richardson, 
and Nasse (Handworterbuch der Physiologic, vol. i. 
p. 138), 10,000 parts of blood contain 8 parts of per- 
oxide of iron. Consequently, 76,800 grains (10 lbs. 
hessian) of blood contain 61*54 grains of peroxide 
of iron in arterial blood, = 65-14 of protoxide in 
venous blood. 

Let us now assume that the iron of the globules 
of venous blood is in the state of protoxide. It 
follows, that 66'14 grains of protoxide of iron, in 
passing through the lungs^ take up, in one minute^ 
6'40 grains of oxygen (the quantity necessary to 
convert it into peroxide). But since, in the same 
time, the 10 lbs. of blood have taken up 1 2 grains 
of oxygen, there remain 5*60 grains of oxygen, 
which combine with the other constituents of the 
blood. 

Now, 56'14 grains of protoxide of iroii Combine 
with 34*8 grains of carbonic acid, which occupy the 
volume of 73 cubic inch6s» It is obvious, therefore, 
that the amount of iroli present in the blood, if in 
the state of protoxide, is sufficient to furnish the 
means of carrying or transporting twice as much 
carbonic acid as can possibly be formed by the 
oxygen absorbed in the lungs. 

The hypothesis just developed rests on well-known 
observations, and, indeed, explains completely the 
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INTRODUCTION TO THE ANALYSES. 

Thb method formerly employed to exhibit the differ- 
ences in composition of different substances^ that, namely, 
of giving the proportions of the yarious elements in 100 
partSy has been long abandoned by chemists ; because it 
affords no insight into the relations which exist between 
two or more compounds. In order to give some proofs 
of this statement, we shall here state, in that form, the 
composition of aldehyde and acetic acid, of oil of bitter 
almonds and benzoic acid. 

Acetic add. AMAyde. Bensoic add. bittwSjSondi. 

Carbon 4000 55024 69*25 79'56 

Hydrogen ... 667 8-983 4-86 5*56 

Oxygen 53*33 35*993 25-89 14*88 

Now aldehyde is converted into acetic acid, and oil of 
bitter almonds into benzoic acid, simply by the addition 
of oxygen, without any change in regard to the other 
elements. This important relation cannot be traced in 
the mere numerical results of analysii^ as above given ; but 
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if the composition of the related compounds be expressed 
in formulsB, according to equivalents, the connection in 
each case becomes obvious, even to him who knows no 
more of chemistry than that C represents an equivalent 
or combining proportion of carbon, H an equivalent of 
hydrogen, and O an equivalent of oxygen. 

Formala Formula 



/ -^k • "  " X 

of aoetic add. of aldehyde. of bemoic add. of oilof Utter almonda. 

C4H404. C4H40s. Ci4Hf04. Ci4Hf03. 

These formulae are exact expressions of the results of 
analysis, which, in each of the two cases quoted, refer to 
a fixed quantity of carbon; in one to 4 equivalents, in the 
other to 14. They' shew, that acetic acid differs from 
aldehyde, and benzoic acid fi'om oil of bitter almonds, 
only in the proportion of oxygen. 

Nor is it more difficult to understand the signification 
of the following formulae, 

Cyamelide. 1 eq. cjannrui arid. 3 eq. hydrated cyanic add. 

CeNAO. = Cy,(= C,N,)0, + 3H0 = 3(CyO + HO) = 

= CeN,H A = C,N AO.. 

(In these formulae, N represents an equivalent of nitro* 
gen, and Cy an equivalent of cyanogen. This latter sub- 
stance being composed of 2 equivalents of carbon and 1 
eq. of nitrogen, Cy = CjN.) 

The first formula (that of eyamelide) is what is called 
an empirical formula^ in which the relative proportions of 
the elements are, indeed, exactly known, but where we 
have not even a theory, far less any actual knowledge, of 
the order in which they are arranged. The second for- 
mula is intended to express the opinion that 3 eq. of 
cyanogen (= 6 eq. of carbon + 3 eq. of nitrogen) having 
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united to form a compound atom or molecule, have com- 
bined with 3 eq. of oxygen and 3 eq. of water, to. form 
1 eq. of hydrated cyanuric acid. The third expresses the 
order in which the elements are supposed to be arranged 
in hydrated cyanic acid, the whole multiplied by 3. Each 
equivalent of cyanic acid is formed of 1 eq. of cyanogen, 
1 eq. of oxygen, and 1 eq. of water ; and hence the same 
number of atoms of each element, which together formed 
1 eq. of cyanuric acid, is here so divided as to yield 3 eq. 
of cyanic acid. 

We have here, therefore, the same absolute and relative 
amount of atoms of each element, arranged in three diffe- 
rent ways; yet in each of these the proportions of the 
elements, calculated for 100 parts, must of course be the 
same. It is easy, therefore, to see the advantage we pos- 
sess by the use of formulae ; that, namely, of exhibiting 
the relations existing between compounds of different 
composition; and that also of expressing the actual, 
probable, or possible differences between substances 
whose composition, in 100 parts, is the same, while their 
properties, as in the case above quoted, are perfectly 
distinct. 

It does not come within our province here to explain 
the method or rule by which the composition of a sub- 
stance, in 100 parts (as it is always obtained in analysis), 
is expressed in a formula ; we shall only describe the rule 
for calculating, from a given formula, the composition in 
100 parts. For this purpose it must be noted that C, in 
a chemical formula, signifies a weight of carbon expressed 
1>y the number 76*437 (according to the most recent 
determinations 75*8 or 75*0, a variation which has no 
effect whatever on the formulae here adduced, all of 
which are calculated on the number 76*437); that H 
signifies a weight of hydrogen = 12*478 ; N a weight of 
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mtrogen^ 177*04; and lastly O a weight of oxygen 
«.100. 
The formula of proteine, C«N«H«0|4y expresses, there- 

fore, 

48 times 76*457 » 3668*88 carbon^ 
6 times 177.040 » 1062*24 nitrogen, 
36 times 12*478 » 449*26 hydrogen^ 
14 times 100*000 = 1400*00 oxygen. 



The sum gives a wdght of 6580*38 proteine. 

Therefore- 
Ill 100 1 

In 6580*38 parti of proteine are contained 3668*88 caibon 55*742 

In 6580*38 ditto 1062*24 nitrogen 16-143 

In 6580*38 ditto 449*26 hydrogen 6*827 

In 6580*38 ditto 140000 oxygen 21*288 

100*000 

The actual results of analysis, reduced to 100 parts, 
when compared with the above numbers, will shew how 
far the assumed formula is correct; or, supposing the for- 
mula ascertained, they will shew the degree of accuracy 
displayed by the experimenter. Thus the proportions in 
100 parts, calculated from the formula, furnish an impor- 
tant check to the operator, and, conversely, the formula 
calculated from his results, when compared with other 
known formu!«, supplies a test of his accuracy, or of the 
purity of the substance analyzed. 
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NOTE (1), p. 12. 
CONSUMPTION OF OXYGEN BY AN ADULT. 

An adult man 



According to 



cubic in. grains. 

Lavoisier and Seg^nin 46,037 15,661 

Menzies 51,480 17,625 

Davy 45,504 15,751 

AUenandPepys ... 39,600 13,464 



ooDfumet of oxygen pioduoet of cubanic 
in 94 hours add in S4 hours 

. ^ » /-^ " . 

cubic in. grains. 

M,930 8,584 

31,680 17,811 
39,600 18,612 



Carbon contailMd 

in the 

carboade add. 

grains. 

2,820 French. 
Engliflh* 
4,853 do. 
5,148 do. 



NOTE (2), p. 13. 

COMPOSITION OF DRY BLOOD (see note 28). 

In 100 parts. In 4*8 lbs. Hessian = 36,864 grains. 

Carbon 51-96 19154*5 

Hydrogen... 7*55 2672'7 

Nitrogen ... 1507 5555*4 

Oxygen ... 2130 7852-0 

Ashes 4-42 1629-4 

10000 36864-0 

Grains. Grains. - 

19154*5 carbon form, with 50539*5 oxygen, carbonic acid. 
2672*7 hydrogen do. 21415-8 do. water. 

Sum = 71955-3 do. 
Deduct oxygen present! 

in blood )= ^8S20 

Remain ••• 64103*3 grains of oxygen, required 
for the complete <;ombustion of 4*8 lbs. of dry blood. 

It is assumed^ in this calculation, that 24 lbs. of blood 
yield 4*8 lbs. (20 per cent.) of dry residue. The re- 
mainder, 80 per cent., is water^ 
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NOTE (3), p. 14. 

DETERMINATION OF THE AMOUNT OF CARBON 

EXPIRED. 

1. Analysis of 

FcBces. 

2-356 dry faeces left 0*320 ashes (13*58 per cent.) 

0*352 dry fiaeoes yielded 0*576 carbonic acid» and 0*218 water. 

Lentils. 

0*566 lentils, dried at 212^ yielded 6*910 carbonic acid, and 
0*366 water. 

Pease, 

1*060 pease, dried at 212^ left 0*037 ashes. 
0*416 do. do. yielded 0*642 carbonic acid, and 

0*241 water. 

Potatoes. 

0*443 dried potatoes yielded 0*704 carbonic acid, and 0*248 
water. 

Black Bread {Schwarzbrod). 

0*302 dried black bread yielded 0*496 carbonic add, and 0*175 
water. 

0*241 do. 393 do. 0142 

water. 

From the above, which are the direct results of experi- 
ment, the composition in 100 parts is calculated as in the 
following table. 
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21 Composition 

Of Faeces, Of Black Bread. OfPotaines. Of Flesh. 

/ ^ v 

Playfair.* Boeakmaim.* Bouningault BcBckmaim.* 

Carbon ... 4524 4509 45-41 44- 1 43-944 (See note 

Hydrogen 688 6-34 6*45 5-8 6*222 28.) 

Nitrogens 

Oxygen ) ^'^^ ^^'^^ ^^'^^ ^^'^ ^^'^^^ 

Ashes ... 1315 3*25 325 60 4*915 

10000 10000 10000 1000 lOOOQO 
Water ... 300-00 

40000 

Of Pease. Of Lentils. Of Beans. 

Playfair.» PUyfidr.» Playfain* 

Carbon 35743 37*38 3824 

' Hydrogen 5*401 5*54 5-84 

Nitrogen-i 

^ ^ y 39-366 37*98 3810 

Oxygen J 

Ashes 3*490 3*20 3*71 

Water 16^000 15*90 1411 

100000 100*00 10000 

Fresh Meat. Potatoes. Black Bread. 

Bueckmann.* Bouningault. Bctckmaim.* 

Water 75 74*8 72*2 732 33 31-418 

Dry Matter 25 25*2 27*8 26*8 67 68*592 

100 1000 1000 100*0 100 100*000 



3. CALCt7LATI0K, 

with the help of the preceding data, of the amount of 
carbon expired by an adult man. The following results 
are deduced from observations made (see table) on the 
average daily consumption of food, by from 27 to 30 
soldiers in barracks for a month, or by 855 men for one 
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day. The food, consisting of bread, potatoes, meat, 
lentils, pease, beans, &c., ivas weighed, with the utmost 
exactness, every day during a month (inchiding even 
pepper, salt, and butter); and each article of food was 
separately subjected to ultimate analysis. The only ex- 
ceptions, among the men, to the uniform allowance of 
food, were three soldiers of the guard, who, in addi- 
tion to the daily allowance of 2 lbs. of bread, recrived, 
during each of the periods allotted for the pay of the 
troops, 2^ lbs. extra ; and one drummer, who, in the 
same period, left 2^ lbs. unconsumed. According to an 
approximative report by the sergeant-major, each soldier 
consumes daily, on an average, out of barracks, 3 oz. 
of sausage, foz* of Gutter, i pint of beer, and ^ pint of 
brandy; the carbon of which articles amounts to more 
than double that of the feeces and urine taken together. 
In the soldier, the faeces amount daily, on an average, to 
5^02.; they contain 75 per cent, of water, and the dry 
residue contains 45*24 per cent, of carbon, and 13*15 per 
cent, of ashes« 100 parts of fresh faeces consequently 
contain 11*31 per cent, of carbon, very nearly the same 
proportion as in fresh meat. In the calculation, the car- 
bon of the faeces and of the urine has been assumed as equal 
to that of the green vegetables, and of the food (sausages, 
bttttor, beer, &c.) consumed in the alehouse. 

From the observaticms, as recorded in the table, the 
following conclusions are deduced. 

l^e^A.— Meat devoid of fat, if reckoned at 74 per cei^. 
water, and 26 per cent, dry matter, contains in 100 parts 
very nearly 13*6 parts of carbon. Ordinary meat con- 
tains both fat and cellular tissue, which together amount 
to ^th of the weight of the meat as bought from the but- 
cher. The number of ounces consumed (by 866 men) was 
4,448, consisting, therefore, of 



ANALYTICAL EVIDENCE. 287 

3812*5 oz. of fleshy free from fat, coataxDing of csrbou 518*5 oz. 
635*5 CHE. of fett and cdlular tissue, ditto 449*0 oz. 

4448*0 oz. In all^ carbon 967*5 oz. 

With the boneSy the meat, as purchased, contains 29 
per cent, of fixed matter, including bones; 4,448 oz. of 
flesh therefore contain 448 oz. of dry bones. These have 
not been included in the calculation, although, when 
boiled, they yield from 8 to 10 per cent, of gelatine, which 
is taken as food in the soup. 

Fat. — ^The amount of fat consumed was 56 oz. ; which, 
the carbon being calculated at 80 per cent., contain in all 
44*8 oz. of carbon. 

Lentils, pease, and beans. — There were consumed 53*5 
oz. of lentils, 185*5oz. of pease, and 218oz. of beans. 
Assuming the avenge amount of carbon in these yege- 
tables to be 37 per cent., the total quantity of carbon 
consumed in this form was 169*1 oz. 

Potatoesx — 100 parts of fresh potatoes contain 12*2 
parts of carbon. In the 16,876 oz. of potatoes consumed, 
therefore, the amount of carbon was 1936*85 oz. 

Bread. — 855 men eat daily 855 times 32 oz., besides 
36 lbs. of bread in the soup, which in all amounts to 
27,936 oz* 100 oz. of fresh bread contain, on an average^ 
30*15 oz. of carbon ; consequently, the carbon consumed 
in the bread amounts to 8771*5 oz. 

The total consumption, therefinre, was. 

In the meat 967*50 oz. of carbon. 

In the fet 44*80 ditto 

In the lentils, pease, and beans ... 169*10 ditto 

In the potatoes 1936*85 ditto 

In the bread 8771*50 ditto 

Consumed by 855 men 11889*75 ditto 

Consumed by 1 man 13*9 ditto 



288 APPENDIX. 

The fsBces of a soldier weigh 5*6 oz., and co&tain, in the 
fredh state, 1 1 per cent, of carbon. For 86 kreutzer (about 
2s. 5d. sterling) there may be bought, on an average, 
172 lbs. of vegetables, such as cabbages, greens, turnips, 
&c. : 26 maas of sour krout weigh 100 lbs. ; and for 48i 
kreutzer (1*. 6rf. sterling) there are bought, on an average, 
24 J lbs. of onions, leeks, celery, &c.* 856 men consumed 

Of green vegetables 2,802 oz. 

Of sour krout 1,600 

Of onions, &c 388 

In an 4,790 

And one man 5*6 oz. 

For this reason, the carbon of the last-mentioned ar- 
ticles of food has been assumed as equal to that of the 
feeces and urine. Sausages, brandy, beer, in short, the 
small quantity of food taken irregularly in the alehouse, 
has not been included in the calculation. 

The daily allowance of bread, being uniformly 2 lbs. per 
man, with the exceptions formerly mentioned, has not 
been inserted in the table, which includes only those 
matters of which, from the daily allowance being variable, 
an average was required. The small quantity of bread in 
the table is that given in the soup, which is over and 
above the daily supply. 

* Jn ^be original table, the quantities ot these vegetables are entered ac* 
cording to their value in kreutzers, but they are here calculated by weight 
from the above data, as this appeared better adapted for comparison in this 
country than the prices would have Been. — Ed. 



M - 
"I 

Si 



1 


1.::. .. 


r 


i 


i 


It 


^Sg-^* TT 


s 






ipl 


iS'S'^S' s'S' 


s- 


i 


^ 




J.^ST IfS 


s 


i 




s 


1'-*- -' 


s 


;S 


=8 


W 


J"*"" ~~ 


^ 


:S 


s 
S 


lis 


I2SS2 !S : 


a 




s 


1 


1 S 2 S 2 -a 


1 


s 

i 


8 


1 


s . . . . - . 


■" 






1 


1" '"" '" 


s 


8 


B 


i 


J- ' ■" 


s 


S 


8 


1 


S = " - S "2 

J 3 2 2 S 5 S 


1 


1 




1 


J"»--ll~? 


8 


1 


s 


s 


i ssss ss 


s 


S 




lii 


J3 gs sa 


s 


} i 


*a 


Sill «i 

S 3 S 3 SB 


i 


Bill 



i 



^1 



'It's* 



290 



APPENDIX. 



TABLE II.— Note (4), p. 14. a 

FOOD CONSUMED BY A BOB8E IN TWENTY-FOUR HOURS, 



Articles of 
food. 


Weight 
in the 
fresh 
state. 


Weight 

in &e 

dry 

state. 


Carbon. 


Hydro- 
gen. 


Oxygen. 


Nitro- 
gen. 


Salts 

and 

earthy 

matters. 


Hay 

Oats 

Water 


7500 

2270 

16000 


6465 
1927 

... 


29610 
977-0 

• • • 


323-2 
123-3 

... 


2502-0 
707-2 

• • • 


97-0 
42-4 

• • • 


581-8 

771 
13-3 


Total ... 


25770 


8392 


39380 


446-5 


3209-2 


139-4 


672-2 



EXCRETIONS OF A HORSfi IN TWENTY-FOUR HOURS. 



Excretions. 


Weight 
in the 
fresh 
state. 


Weight 

in the 

dry 

state. 


Carbon. 


Hydro- 
gen. 


Pxygen. 


Nitro- 
gen. 


Salts. 

and 
earthy 
matters. 


Urine 

Excrements 


1330 
14250 


302 
3525 


108-7 
1364-4 


11-5 

179-8 


34-1 
1328-9 


37-8 
77-6 


109-9 
574-6 


Total ... 


15580 


3827 


1472-9 


191-3 


1363-0 


115-4 


684-5 


Total from 

the previous 

part of this 

Table. 


25770 


8392 


3938-0 


446-5 


3209-2 


139-4 

« 


672-2 


Difference 


10190 


4565 


2465-1 


255-2 


1846-2 


24-0 


12-3 


+ or — 




— 




— 


— 


— - 


+ 

• 



a Boussingaulty Ann. de Ch. et de Fhys., LXX., 136. The weights in this 
table are given in grammes. 1 gramme = 15*44 grains Troy, very nearly* 
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TABLE II.—Note (4), p. 14 (concluded). 

FOOD CONSUMED BY A COW IN TWENTY-FOUR HOURS. 



Articles of 
food. 


Weight 
in the 
fresh 
state. 


Weight 

in the 

dry state. 


Carbon. 


Hydro- 
gen. 


Oxygen. 


Nitro- 
gen. 


Salts 

and 
earthy 
matters. 


Potatoes ... 
After Grass 
Water 


15000 

7500 

60000 


4170 
6315 

... 


1839-0 

2974-4 

• • • 


241-9 
353-6 

... 


1830-6 500 
22040 151-5 


208-5 

631-5 

500 


Total ... 


82500 


10485 


4813-4 


595-5 


4034-6 201-5 


889-0 



EXCRETIONS OF A COW IN TWENTY-FOUR HOURS. 



Excretions. 


Weight 
in the 
fresh 
state. 


Weight 

in the 

dry state. 


Carbon. 


Hydro- 
gen. 


Oxygen. 


Nitro- 
gen. 


Salts 

and 

earthy 

matters. 


Excrements 

Urine 

Milk 


28413 
8200 
8539 


4000-0 

* 960-8 

1150-6 


17i2-0 
261-4 
628-2 


2080 
250 
99-0 


1508-0 
253-7 
321-0 


92-0 
36-5 
460 


4800 

384-2 

56-4 


Total ... 


45152 


6111-4 


2601-6 


332-0 


•2082-7 


174-5 


920-6 


Total of , 
first part of 
this Table. 


82500 


10485-0 


4813-4 


595-5 


4034-6 


201-5 


889-0 


Difference 


37348 


4374-6 


2211-8 


263-5 


1951-9 


270 31-6 


+ or — 






— 


— 


— 


— 


+ 



u 2 



292 APPENDIX. 



NOTE (5), p. 19. 

TEMPERATURE OF THE BLOOD AND FREQUENCY OF 

THE PULSE. 

According to Preroat and Dumas, 
The mom TheftegiMPcy 

tonpeimtuie is / 7~ ; ^77 ; — ~> 

F. ofthepulM ofthannliatkm 

in the nunatc. in the nuroita. 

In the Pigeon 1076** 136 34 

Common Fowl 1067'' 140 30 

Duck 108-5*» 170 21 

Raven 108-5*» 110 21 

Lark 117-2^ 200 22 

SimiaCaUitriche ... 959'' 90 30 

GhiineaPig lOO^** 140 36 

Dog 99-3*' 90 28 

Cat 101-3'* 100 24 

Goat 102-5*' 84 24 

Hare 1004^ 120 36 

Howe 98-2^ 56 16 

Man 98-6** ^72 18 



Man(Liebig) 97-7^ 65 17 

Woman (liebig) ... 98-2*' 60 15 

The temperature of a child is 102-2^. 

The temperature of the human body^ in the mouth or 
in the rectum^ for example^ is from 97*7® to 98'6®. That 
of the blood (Majendie) is from 100-6*» to 101 -6*. As a 
mean temperature, 99*5^ has been adopted in this work, 
page 19. 
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NOTE (6), p. 36. 

The prisoners in the house of arrest at Giessen receive 
daily 1} lb. of bread (24 oz.), which contain 7i oz. of 
carbon. They receive, besides, 1 lb. of soup daily, and 
on each alternate day, 1 lb. of potatoes. 

H lb. of bread contains 7*25 oz. of carbon. 

1 lb. of soup contains 0*75 ditto 

} lb. of potatoes contains 1 *00 ditto 

Total 9-00 dittoj 



NOTE (7), p. 43. 

COMPOSITION OF THE FIBRINE AND ALBUMEN OF 

BLOOD, a 

Albumen from Serum of Blood. Fibrine, 

Scherer.v Scherar.* Mulder. 

r > f N 

L IL in. I. IL ni. 

Carbon 53-850 55-461 56-097 53-671 54-454 5456 

Hydrogen 6*983 7*201 6*880 6*878 7069 6-90 

Nitrogen 15673 15673 15*681 15-763 15-762 15*72 

Oxygen -j 

Sulphur I 23-494 21-655 22-342 23*688 22*715 22*82 

Phosphorus ...J 



a Annalen der Chem. und Pharm., XXVIII., 74, and XL., 33, 36. 

For additional analyses of animal fibrine and albumen, 
see Note (27), which also contains analyses of the various 
animal tissues. 

t At page 36 the carbon contained in the daily food of these prisoners is cal- 
culated at 8} oz., and the appendix in the original makes the number also 8*5, 
apparently by an error in adding up the above numbers, which yield the sum 
of 9 oz. Possibly tbere may be an error in excess in the proportion of carbon 
calculated for the soup, which, in that case, ought to be 0*25 oz. — Editob. 
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NOTE (8), p. 48. 

COMPOSITION OF VEGETABLE FIBRINE, VEGETABLE 
ALBUMEN, VEGETABLE CASEINE, AND VEGETABLE 
GLUTEN. 

Vegetable Fibbine. ^ Gluten, 

As obtained from 

wheat floor. 

Scherer.* a Joa».*b Maroet.e BooMiiigault. 

/ '^ V 

L II. III. IV. L IL 

Carbon 53*064 54*603 54*617 53*83 55*7 53*5 

Hydrogen 7'132 7*302 7-491 7*02 14*5 15*0 

Nitrogen 15*359 15*809 15*809 15*58 7*8 70 

Oxygen -| 

Sulphur I 24*445 22*285 22083 23*56 220 24 5 

Phof phonu J 



a Ann. der Chem., nnd Pbarm., XL., 7. 

b Ibid., XL., 65. 

e L. Gmelin's Theor. Chemie, II., 1092. 



Vegetable Albumen, a 

From Rye. From Wheat. From Gluten. From Almonds. 
Janes.* Jooea.* Varrentrapp & WilL* Jones.* 

5703 



Carbon 


. 54-74 


55-01 


54-85 


Hydrogen 


. 7-77 


7-23 


6-98 


Nitrogen 


. 15*85 


15*92 


15-88 


Oxygen 1 


• 






Sulphur ? 


21*64 


21-84 


22-39 


Phosphorus J 









7-53 
13-48 

21-96 



BouMingault Vazrentrapp and Will.* 

Carbon 52*7 

Hydrogen 6-9 — -^ 

Nitrogen 18-4 15*70 

Oxygen, &c 220 

a Ann. der Chem. und Pharm., XL., 66, and XXXIX., 291. 
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VS6£TABLB CaSBINB. G 

Sulphate of Caseine 

and Potash. 
Sdierer.* Jonok* Varrentrapp and WilL 

' """ V 

Carbon 54'138 55*05 51-41 5124 

Hydrogen 7*156 7*59 7*83 677 

Nitrogen 15'672 15*89 14*48 13*23 

Oxygen, &c. ... 23*034 21*47 ^ 

a Ann. der Chem. und Pharm., XXXIX., 291, and XL., 8 and 67. 

Vegbtablb Glutbn. 

Jones.* a Boiusingault. 

Carbon 55*22 54*2 52*3 

Hydrogen 7*42 7*5 6'5 

Nitrogen 15*98 13*9 18*9 

Oxygen, &c 21*38 24*4 22*3 

a Ann. der Chem. und Pharm., XL., 66. 

The pure gluten, analyzed by Jones, was that portion 
of the raw gluten from wheat flour which is soluble in hot 
alcohol. The insoluble portion is vegetable fibrine, the 
analysis of which has been already given. 



NOTE (9), p. 51. 



COMPOSITION OF ANIMAL CASEINE. a 

Schexer. 



From fresh 
mUk. 

I. 

Carbon 54*825 

Hydrogen 7*153 
Nitrogen ... 15*628 
Oxygen ^ 
Sulphur/ " 



From sour 
milk. 



^ 



From milk by Albuminous sub- 
acetic acid, stance in miik.& 



II. 

54*721 

7-239 

15-724 



III. 
54-665 
7*465 
15*724 



IV. 

54-580 

7*352 

15*696 



V. 

54*507 

6*913 

15*670 



22*394 22*316 22*146 22*372 22*910 



a Ann. der Chem. und Pharm., XL., 40 et seq. 

b This gahstance, called, in German, zxegety is contained in the whey of 
milk after coagulation hy an acid. It is coagulated hy heat, and very much 
resemhles albumen. 
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Mnktar.* 

Carbon 54-96 

Hydrogen 7'15 

Nitrogen 15-80 

Oxygen 21-73 

Sulphur 0-36 

a For the analysii of vegetable caseine, see the preceding note. 



NOTE (10), p. 64. 

amount of matter soluble in alcohol in the 
solid excrements of the horse and cow. 
(will.*) 

18'3 grammes of dried horse-dung lost, by the action 
of alcohol, 0-995 gramme. The residue, when dry, had 
the appearance of saw-dust, after it has been deprived, 
by boiling, of all soluble matter. 

14-98 grammes of dry cow-dung lost, by the same 
treatment, 0-625 gramme. 



NOTE (11), p. 70. 
COMPOSITION OF STARCH, a 

Strecker.o 



Caknlated From From From From 

ClsHl0Ol^ Peas. Lcntib. Born*. Buckwhcak. 

Carbon 4491 44*33 44-46 44-16 44*23 

Hydrogen... 611 6 57 654 6*69 640 

Oxygen ... 48*98 4909 49*00 49*15 49-37 
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W7 







Strecker.* 






From maise. 


From hone-chesnuts. Prom wheat 


7 

From rye. 


Carbon .... 


... 44-27 


44-44 44.26 


4416 


Hydrogen ••• 6*67 


6-47 6-70 


6-64 


Oxygen 


.. 49-06 


49-08 49-04 

Strecker.* 


49.20 




r 

From rice. 


From From 
dahlia roots. unripe apples. 


From 
unripe pears. 


Carbon .... 


... 44-69 


44-13 44-10 


44-14 


Hydrogen . 


... 6-36 


6-56 6-57 


6-75 


Oxygen...... 48-95 


49-31 49.33 


49-11 




From potatoes. From arrow-root. 


From yams. a 




Berzelius. 


Gay Lussac dc Thenard. ProuL 


OrtlgQM.» 


Carbon ... 


44-250 


43-55 44-40 


44-2 


Hydrogen 


6-674 


6-77 6-18 


^'b 


Oxygen . . . 


49-076 


49-68 49-42 


49.3 



a The starch employed for the analyses, made by Strecker and Ortigosa, 
was prepared from the chemical laboratory at Giessen, from the respectiye 
seeds, bulbs, and fruits. 



NOTE (12), p. 71. 
COMPOSITION OF GRAPE SUGAR. (STARCH SUGAR.) 



From grapes.a From starch.^ 
De Sauasure. 



Carbon ... 36-71 
Hydrogen 6-78 
Oxygen... 56*51 



37-29 

6-84 

55.87 



From honey, c 
Prout. 

36-36 

7-09 

56-55 



Calculated. 
Cia H140I4 

36-80 

7-01 

56-19 



a Ann. de Chimie, XL, 381. 
h Ann. of Philosophy, VI., 426. 
c Philosoph. Trans. 1827, 373. 
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NOTE (13), p. 72. 
COMPOSITION OF SUGAR OF MILK. 



GAvLume 
iDdTheiuurd. 


Prout 


Bninn. 


Benelius, 


Liebig.* 


Calculated. 

Cl2Hl20i2. 


38-825 


40-00 


40-437 


39-474 


4000 


40-46 


7-341 


6-66 


6-711 


7-167 


6-73 


6-61 


53-834 


53-34 


52-852 


53,359 


53-27 


52-93 



Carbon 

Hydrogc 

Oxygen 



NOTE (14), p. 72. 

COMPOSITION OF GUM. 

Gay Liusac 

and Thenard. Goebd. BenEelluB. 

Carbon 4223 422 42-682 

Hydrogen 6*93 6*6 6374 

Oxygen 50*84 51-2 50944 



Calculated. 
Cu Hii Oiu 

42-58 

6-37 

51-05 



NOTE (15), p. 74. 
ANALYSIS OF OATS (Boussingault). a 

100 parts of oats contain of dry matter 84-9 

Ditto water 17-1 

1000 

100 parts of oats dried at 212° = 1 17-7 parts dried at 
the ordinary temperature, contain 

Carbon 50-7 

Hydrogen 6-4 

Oxygen 36*7 

Nitrogen 2-2 

Ashes 4-0 

100-0 
Water 177 

Oats dried in the air ... 117*7 contain, in 100 parts, 

1*867 of nitrogen. 
a Ann. de Chimie et de Phys., LXXI., 130. 
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Analysis of Hay. 

100 parts of hay dried in the air contain 86 of dry matter, 

14 of water. 

100 

100 parts of hay dried at 212^ = 116-2 parts dried in 
air, contain 

Carbon... 45'8 

Hydrogen 5*0 

Oxygen 38*7 

Nitrogen 1*5 

Ashes 9*0 

100-0 

16.2 water, 

« 
116-2 hay dried in the air. 

100-0 of hay dried at the ordinary temperature contain 1-29 
of nitrogen. . 

240 oz. of such hay =15 lbs. contain ... 3*095 oz. of nitrogeni. 

.72 oz. of oats = 4^ lbs. contain ... 1*34 ditto 

Total 4-435 ditto 



NOTE (16), a, p. 77. 
AMOUNT OF CARBON IN FLESH AND IN STARCH. 

1 00 parts of starch contain 44 of carbon ; therefore, 64 
oz. (4 lbs.) contain 28-16 oz. of carbon. 

100 parts of fresh meat contain 13*6 of carbon (see 
Note III.); hence 240 oz. (15 lbs.) contain 32-64 oz. of 
carbon.J 

X By an error in calculation in the original, the amount of carbon in 15 lbs. of 
meat is stated to be 27*64 oz. It follows, that the carbon of 4 lbs. of starch is 
not equal, as stated in the text, to that of 15 lbs. of flesh, f>ut to that of 13 lbs. 
This di£ference, however, is not sufficient to affect the argument at p. 84. — 
Editor. 



300 APPENDIX. 



NOTE (16), b. p. 84, 

C0MP08ITI0K OF 

Hog's Lard. Matton fat. Human Fat. 

ClwvxeuLa 
r '^ V 

Carbon 79-098 78996 79.000 

Hydrogen 11146 11-700 11-416 

Oxygen 9756 9304 9584 

a Recherchet Chim., ear lea corps graa. Pbris. 1823. 



NOTE (17), p. 84. 

COMPOSITION OF CANE SUGAR. 

According to 
Bmelio.. Pfout. W.Crum. Llebig.- f ¥£SS! f S?Sjf 8f,. 

Carbon 42*225 4286 42*14 42*301 42*47 42-58 

Hydrogen... 6*600 6*35 6*42 6*384 6*90 6*37 
Oxygen ... 51*175 50*79 51*44 51*315 50*63 51*05 

For the composition of gum and of starch, see Notes 
(14) and (11). 



NOTE (18), p. 85. 

COMPOSITION OF CHOLESTERINE. 

According to 

ChenvuLa Couerbe.^ Marchaad. Calculated. 

Gas Has o. 

Carbon ... 85*095 84*895 84*90 84*641 

Hydrogen 11*880 12*099 12-00 12*282 

Oxygen ... 3*025 3006 3-10 3-077 

a B^chercbea aur lea corps graa, p. 185. 
& Ann. de Ch. et de Phya. LVL, p. 164. 
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NOTE (19), p. 87. 
THE PRODUCTION OP WAX FROM SUGAR, o 

As soon as the bees have filled their stomach/ or what 
is called the honey bladder, with honey, and cannot de- 
posit it for want of cells, the honey passes gradually in 
large quantity into the intestinal canal, where it is 
digested. The greater part is expelled as excrement ; the 
rest enters the fluids of the bee. In consequence of this 
great flow of juices a fatty substance is produced, which 
oozes out on the eight spots formerly mentioned, which 
occur on the four lower scales of the abdominal rings, 
and soon hardens into laminae of wax. On the other 
hand, when the bees can deposit their honey, only so 
much enters the intestinal canal as is necessary for their 
support. The honey bladder need not be filled with 
honey longer than forty hours in order to bring to matu- 
rity, on the eight spots, eight laminae of wax, so that the 
latter fall oflP. I made the experiment of giving to bees, 
which I had enclosed in a box with their queen about the 
end of September, dissolved sugar-candy instead of honey. 
Out of this food laminae of wax were formed ; but these 
would not separate and fall off readily, so that the mass, 
which continued to ooze out, remained, in most of the 
bees, hanging to the upper lamina; and the laminae of 
wax became as thick as four under ordinary circum- 
stances. The abdominal scales of the bees were, by 
means of the wax, distinctly raised, so that the waxen 
laminae projected between them. On examination, I 

a From F. W. Gandlach's Natural History of Bees, p. 115. Cassel, 1842. 
We are acquainted with no more beautiful or convincing proof of the form- 
ation of fatty matter from sugar than the following process of the manu- 
facture of wax by the bee as taken from observation. 
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found that these thick laminae^ which under the micro- 
scope exhibited several lamellaB, had a sloping surface 
downwards near the head^ and upwards in the vicinity of 
the tail. The first waxen lamina, therefore, must have 
been pushed downwards by the second, because, where 
the abdominal scales are attached to the skin, there is no 
space for two laminae, the second by the third, and thus 
the inclined surfaces on the sides of the thick laminae had 
been produced. I saw distinctly from this, that the first- 
formed laminae are detached by those which follow. The 
sugar had been converted into wax by the bees, but it 
would seem that there was some imperfection in the pro- 
cess, as the laminae did not fall ofi*, but adhered to the 
succeeding ones. 

In order to produce wax in the manner described, the 
bees require no pollen, but only honey. I have placed, 
even in October, bees in an empty hive, and fed them 
with honey ; they soon formed comb, although the wea- 
ther was such that they could not leave the hive. I can- 
not, therefore, believe that pollen furnishes food for the 
bees, but I think they only swallow it in order, by mixing 
it with honey and water, to prepare the liquid food for the 
grubs. Besides, bees often starve in April, when their 
stock of honey is consumed, and when they can obtain in 
the fields abundance of pollen, but no honey. When 
pressed by hunger they tear the nymphae out of the cells, 
and gnaw them in order to support life by the sweet 
juice which they contain. But, if in this condition they are 
not artificially fed, or if the fields do not soon yield their 
proper food, they die in the course of a few days. Now, 
if the pollen were really nourishment for bees, they ought 
to be able to support life on it, mixed with water. 

Bees never build honeycomb unless they have a queen, 
or are provided with young out of which they can educate 
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a queen. But if bees be shut up in a hive without a 
queen, and fed with honey, we can perceive in forty-eight 
hours that they have laminae of wax on their scales, and 
that some have even separated. The building of cells is 
therefore voluntary, and dependant on certain conditions, 
but the oozing out of wax is involuntary. 

One might suppose that a large proportion of these 
laminae must be lost, since the bees may allow them to 
fall off, out of the hive as well as in it; but the Creator 
has wisely provided against such a loss. If we give 
to bees engaged in building cells honey in a flat dish, and 
cover the dish with perforated paper, that the bees may 
not be entangled in the honey, we shall find, after a day, 
that the honey has disappeared, and that a large number 
of laminae are lying on the paper. It would appear as if 
the bees, which have carried off the honey, had let fall 
the scales ; but it is not so. For, if above the paper we 
lay two small rods, and on these a board, overhanging 
the dish on every side, so that the bees can creep under 
the board and obtain the honey, we shall find next day 
the honey gone, but no laminae on the paper; while 
laminae will be found in abundance on the board above. 
The beies, therefore, which go for and bring the honey, do 
xiot let fall the laminae of wax, but only those bees which 
remain hanging to the top of the hive. Repeated experi* 
ments of this liind have convinced me that the bees, as 
soon as their laminae of wax are mature, return to the 
hive and remain at rest, just as caterpillars do, when 
about to change. In a swarm that is actively employed 
in building we may see thousands of bees hanging idly at 
the top of the hive. These are all bees whose laminae of 
wax are about to separate. When they have fallen off*, 
the activity of the bee revives, and its place is occupied 
ibr the same purpose by another. 



i 
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(From pi^ 28 of the same work.) In order to 
ascertain how much honey bees require to form wax, and 
how often, in a swarm engaged in building* the laminae 
attain maturity and fall off, I made the following experi- 
ment, which appears to me not uninteresting. 

On the 29th of August, of this year (1841), at a time 
when the bees could obtain in this district no farther 
supply of honey from the fields, I emptied a small hive, 
placed the bees in a small wooden hive, having first 
selected the queen bee, and shut her up in a box, furnished 
with wires, which I placed in the only door of the hive, 
so that no embryos could enter the cells. I then placed 
the hive in a window, that I might be able to watch it. 

At 6 P.M. I gave the bees 6oz. of honey run from the 
closed cells, which had thus the exact consistence of 
freshly made honey. This had disappeared next morning. 
In the evening of the 30th I gave the bees 6oz. more, 
which, in like manner, was removed by the next morning; 
but already some laminse of wax were seen lying on the 
paper with which the honey was covered. On the 31st 
August and the 1st September the bees had in the 
evening lOoz., and on the 3rd of September in the evening 
7oz.; in all, therefore, lib. 13oz. of honey, which had 
run cold out of cells which the bees had already closed. 
On the 6th of September I stupified the bees, by means 
of puff-ball, and counted them. Their number was 2,765, 
and they weighed 10 oz. I next weighed the hive, the 
combs of which were well filled with honey, but the cells not 
yet closed ; noted the weight, and then allowed the honey 
to be carried off by a strong swarm of bees. This was 
completely effected in a few hours. I now weighed it a 
second time, and found it 12oz. lighter; consequently the 
bees still had in the hive 12 oz. of the 29 oz. of honey 
given to them. I next extracted the combs, and fpund 
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that their weight was | of an ounce. I then placed the 
bees in another box, provided with empty combs, and fed 
them with the same honey as before. In the first few 
days they lost daily rather more than 1 oz. in weight, and 
afterwards half an ounce daily, which was owing to the 
circumstance, that from the digestion of so much honey, 
their intestinal canal was loaded with excrements ; for 
1,170 bees, in autumn, when they have been but a short 
time confined to the hive, weigh 4 oz. ; consequently 2,765 
bees should weigh 9oz. But they actually weighed lOoz., 
and therefore had within them 1 oz. of excrement, for 
their honey bladders were empty. During the night the 
weight of the box did not diminish at all, because the small 
quantity of honey the bees had deposited in the cells, 
having already the proper consistence, could not lose 
weight by evaporation, and because the bees could not 
then get rid of their excrements. For this reason, the loss 
of weight occurred always during the day. 

If, then, the bees, in seven days, required 3^ oz. of 
honey to support and nourish their bodies, they must 
have consumed 13^ oz. of honey in forming f of an ounce 
of wax; and consequently, to form lib. of wax, 20 lbs. of 
honey are required. This is the reason why the strongest 
swarms in the best honey seasons, when other hives, that 
have no occasion to build, often gain in one day 3 or 4 lbs. 
in weight, hardly become heavier, although their activity 
is boundless. All that they gain is expended in making 
wax. This is a hint for those who keep bees, to limit the 
building of comb. Cnauf has already recommended this, 
although he was not acquainted with the true relations of 
the subject. From loz. of wax, bees can build cells 
enough to contain 1 lb. of honey. 

100 laminae of wax weigh 0*024 gramme (rather more 
than J of a grain), consequently, 1 kilogramme (= 16,360 

X 
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grains) will contain 4,166,666 laminae. Hence, | of an 
ounce will contain 81,367 lamines. Now this quantity 
was produced by 2,765 bees in six days ; so that the bee 
requires for the formation of its 8 laminae (one crop) 
about thirty-eight hours, which agrees very well with my 
observations. 

The laminae, when formed, are as white as bleached 
wax. The cells also, at first, are quite white, but they are 
coloured yellow by the honey, and still more by the 
pollen. When the cold weather comes on, the bees 
retire to the hive under the honey, and live on the stock 
they have accumulated. 

P. 64. Many believe that bees are hybemating 
animals; but this opinion is quite erroneous. They are 
lively throughout the winter; and the hive is always 
warm in consequence of the heat which they generate. 
The more numerous the bees in a hive, the more heat is 
developed; and hence strong hives can resist the most 
intense cold. It once happened that I forgot to remove 
from the door, which was unusually large, of a hive in 
in winter, a perforated plate of tinned iron, which I had 
fastened over the opening to diminish the heat in July ; 
and yet this hive came well through the winter, although 
the cold was very severe, having been for several days 
so low as 0^. But I had added to this hive the bees of 
two other hives ! When the cold is very intense, the bees 
begin to hum. By this means respiration is accelerated 
and the developement of heat increased. If, in summer, 
bees without a queen are shut up in a glass box, they 
become uneasy and begin to hum. So much heat is by 
this means developed, that the plates of glass become 
quite hot. If the door be not opened in this case, or if 
air be not admitted, and if the glass be not cooled by the 
aid of water, the bees are soon suffocated. 
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COMPOSITION OF BEES' WAX. 

i^h^ia I>eS«UMure.ft Oppermaan.* Ettllng/I Hew.* ^c1Sl*a 

Carbon ... 81-784 81-607 81-291 81*15 81*52 81-38 

Hydrogen 12-672 13-859 14-073 13 75 1323 13-28 

Oxygen ... 5544 4-534 4-636 5-09 5-25 5-34 

a Traite de Chimic, par Th^oard, 6««- Ed., IV., 477. 

b Ann. de Ch. et de Fhys., XIII., 310. 

e Ibid. XLIX., 224, 

d Annal. der Pharm., II., 267. 

e Ibid. XXVII., 6. 



NOTE (21) a, p. 104. 

COMPOSITION OF HYDRATED CYANURIC ACID, OF 
HYDRATED CYANIC ACID, AND OF CYAMELIDE, IN 
100 PARTS, ACCORDING TO THE ANALYSIS OF 

WOHLER AND LIEBIG.* « 

Cyanuric acid, cyanic 
acid, cyamelide. 

Carbon 28-19 

Hydrogen 2*30 

Nitrogen 32*63 

Oxygen *... 36-87 

a PoggendoHTs Annalen, XX., 375 et seq. 



NOTE (21) b, p. 104. 

COMPOSITION OF ALDEHYDE, METALDEHYDE, AND 

ELALDEHYDE. a 

Aldehyde. Metaldehyde. Elaldehyde. Calculated 

Lietrig.* Fehling.* C4H4O2. 

Carbon 55-024 54-511 54-620 54-467 55024 

Hydrogen ... 8*983 9-054 9*248 9075 8*983 

Oxygen 35*993 36*435 36-132 36-458 35-993 

a Ann. der Pharm., XIV., 142, and XXVII., 319. 

x2 
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NOTE (22), p. 105. 

COMPOSITION OF PROTEINE. 

From the From albumen. From fibrine. 

cryBtaUine lens. 

, '> , 

Carbon 55-300 55160 64848 

Hydrogen 6940 7-055 6*959 

Nitrogen 16*216 15-966 15-847 

Oxygen 21*544 21-819 22*346 

Scherer.^a 

f \ Calculated 

From hair. From horn. C^HaeNgOM. 

Carbon 54746 55150 55*408 54291 55*742 

Hydrogen 7-129 7-197 7-238 7-082 6*827 

Nitrogen... 15*727 15*727 15*593 15-593 16*143 

Oxygen ... 22*398 21-926 21*761 23*034 21*228 

a Ann. der Chim. nnd Pharm., XL., 43. 

From regetable From fibrine. From albnmen. From dieese. 
albumen. 

Muldor.a 



I -" N 



Carbon 54*99 55*44 55*30 55*159 

Hydrogen ..• 6*87 6*95 6*94 7*176 

Nitrogen 15*66 16*05 16*02 15-857 

Oxygen 22*48 21-56 21*74 21*808 

a Ann. der Pharm., XXVIII., 75. 



NOTE (23), p. 107. 

COMPOSITION OF THE ALBUMEN OF THE YOLK AND 
OF THE WHITE OF THE EGG. a 





From the yolk. 
Jonei.* 


From the white. 
Scherer.* 




' I. 




II. 




Carbon 


53-72 




53*45 


55000 


Hydrogen .•• 


7*55 




7*66 


7*073 


Nitrogen 


13-60 




13-34 


15*920 


Oxygen 1 










Sulphur 1" 


2513 




25*55 


22*007 


Phosphorus J 










a Ann. der Chem. und Pharm 


.) XL.) 36y 


ibid. 67. 
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NOnE(24), p. 111. 

COMPOSITION OF LACTIC ACID. 

CeH^Os. 
Carbon 44*90 

Hydrogen 6*11 

Oxygen 48*99 



NOTE (25), p. 115. 

GAS FROM THE ABDOMEN OF COWS AFTER EATING 
CLOVER TO EXCESS, OBTAINED BY PUNCTURE. 

a Examined by Lameyran and Fremy. b By Vogel. 
c By Pfliiger. 

Air. Carbonic acid. Inflammable gas* Sulphuretted hydrogen, 

a 5 . 5 — 15 80 Vol. in 100 Vol. 

b 25 — 27 48 — 

c — — eO 40 — 

c — _ 20 80 — 



NOTE(26), p. 118. 

MAGENDIE FOUND IN THE STOMACH AND INTESTINES 

OF EXECUTED CRIMINALS: 

a In the case of an individual who had taken food in 
moderation one hour previous to death ; b, in the case of 
one who had done so two hours previously ; and c, in the 
case of a third, who had done so four hours previous to 
execution. 

100 Volumes of the gu contained. 

Oxygen. Nitrogen. Carlxmic Inflammable 

acid. gas. 

rFrom the stomach 11*00 Vol. 71'45 14*00 3*55 

a< — smallintestineB... 0000 2003 24*39 55*53 

L — hirge intestines... 0000 51*03 43*50 5*47 

(•From the stomach 00*00 00-00 00*00 00*00 

b< — small intestines ... 0000 8*85 4000 51*15 

L — hirge intestines... 0000 18*40 70*00 11*60 

rFrom the stomach 0000 00*00 00*00 00*00 

c< — small intestines... 00*00 66*60 25*00 8*40 

I -^ hirge intestines ... 00*00 45*96 42*86 11*18 
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NOTE (27), referred to in NOTE (7), p. 43. 

COMPOSITION OF ANIMAL ALBUMEN AND FIBEINE, 
AND OP THE DIFFERENT TISSUES OP THE BODY. 

1. Albumbn. 

From the lerum of blood. From eggs. From yolk of egg. 

Sciierar.*a Jcna.*b 

I. II. III. IV. V. VL 

Carbon 53-850 55-461 55-097 55-000 53*72 53-45 

Hydrogen ... 6-983 7-201 6-880 7-073 7-55 7-66 

Nitrogen 15-673 15-673 15-681 15-920 13-60 1334 

Oxygen •\ 

Sulphur 123-494 21-655 22-342 22*007 25-13 2555 

Photphonu J 

a Ann. der Chem. und Pharm., XL., 36. 
b Ibid. 67. 

JoDct.* Scherer.* 

From --__ From /S°l 

Ss3? hySsa.. «3K2:- ^^^ ^- 

/ ' \ 

VII. VIII. IX. X. XL XI'- 

Carbon 55-50 54-921 54-757 54-663 54-101 54-302 

Hydrogen ... 719 7-077 7-171 7'022 6-947 7*176 

Nitrogen ...16-31 15-465 15*848 15*839 15*660 15*717 
Oxygen "| 

Sulphur >2100 22*537 22*224 22*476 23'292 22*805 
Phosphorus -^ 

Muldff.a 

Carbon 54*84 

Hydrogen 7*09 

Nitrogen 15'83 

Oxygen 21*23 

Sulphur 0*68 

Phosphorus 0*33 

a Anil, der Pharm. XXVIIT., 74. 
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2. FiBBINB. 



Seherer.*a 



Carbon 

Hydrogen ... 
Nitrogen ... 
Oxygen 
Sulphur 
Phosphorus 



I. II. III. IV. Y. VI. VII. 

53*671 54*454 55*002 54*967 53*571 54*686 54*844 

6*878 7*069 7*216 6*867 6*895 6*835 7*219 

15*763 15*762 15*817 15*913 15*720 15*720 16065 



23*688 22*715 21*965 22*244 23*814 22*759 21*872 



a Ann. der Chem. und Pharm., XL., 33. 

Mulder, a 

Carbon 54*56 

Hydrogen 690 

Nitrogen 15-72 

Oxygen 2213 

Sulphur 0-33 

Phosphorus 0*36 

a Ann. der Pharm., XXVIII. , 74. 
3. Gelatinous Tissues. 







Scherer.* a 








IilnglaM. 
50*557 


Tendons (tf the 
calTsfnot 


Tuniea 
•derotica. 

50*995 


Calculated. 

C4SH4lN7|Ol8 


Carbon ,„ 


49.563 50*960 50*774 


50 207 


Hydrogen 


6*903 


7*148 7*188 7*152 


7*075 


7*001 


Nitrogen 


18*790 


18*470 18*320 18*320 


18*723 


18*170 


Oxygen... 


23*750 


24*819 23*532 23*754 


23*207 


24*622 



a Ann. der Chem. und Pharm., XL., 46. 



Mulder. 



Carbon 50'048 

Hydrogen 6*477 

Nitrogen 18-350 

Oxygen 25*125 



50-048 

6*643 

18-388 

24-921 
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4. T188UX8 CONTAINING ChONDBIKX. 



CartltafNofthe 
riteorthectic: 



-•>* 



Cidailatcd. 
C48H<ioN6 Ojol 



Carbon 49*496 50*895 49*522 50*745 

Hydrogen... 7'13S 6*962 7*097 6*904 

Nitrogen... 14*908 14*908 14*399 14*692 

Oxygen ... 28*463 27*235 28*982 27*659 

« Ann. der Chem. nnd Pharm., XL., 49. 



Holder. 

50-607 

6-578 

14*437 

28-378 



5. COMPOSmON OF THE MIDDLB MbMBBANB OF AbTEEISS. 

Sch0Ber«*A 

'l. II. c«H38N8 0if. 

Carbon 53*750 53-393 5391 

Hydrogen 7-079 6973 696 

Nitrogen 15-360 15-360 15-60 

Oxygen 23-811 24-274 2353 

a Ann. der Chem. nnd Fharm., XL., 51. 



6. Composition of Hobnt Tissubs. 



Scb< 



-/'>- 



Extemal skin Hair of 

of the sole of the foot, the baud. 



HairofthehewL 
Fair. Brown. Blaek. 



Carbon ... 51036 50-752 51*529 50*652 49*345 50*622 49*935 

Hydrogen 6-801 6*761 6*687 6-769 6*576 6*613 6*631 

Nitrogen 17*225 17225 17*936 17*936 17*936 17*936 17936 

J^gen —124.938 25*262 23*848 24*643 26*143 24*829 25*498 
Sulphur ...i 



Schenr.* 



/- 



BttflUo horn. 



Nails. Wool c«H39N70i'7' 



Carbon ... 51*990 51*162 51*620 51*540 51*089 50653 51*718 

Hydrogen 6*717 6*597 6*754 6'779 6*824 7*029 6*860 

Nitrogen 17*284 17*284 17284 17*284 16*901 17*710 17*469 

^gen ...1 24009 24*957 24*342 24-397 25186 24608 23*953 
Sulphur ...J 

a Ann. der Chem. und Pharm., XL., 53. 
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The composition of the membrane lining the interior of 
the shell of the egg approaches closely to that of horn. 
According to Scherer, it contains 

Scherer.ta 

Carbon 50-674 

Hydrogen 6'608 

Nitrogen 16*761 

O^JS^^X 25.957 

Sulphur-' "' 

a Ann. der Chem. und Pharm., XL., 60. 

The composition of feathers is also nearly the same as 
that of horn. 

Scherer."^ a 

/ " ^ 

Beard of the Quill of the Calculated, 

feather. feather. CisHagN/OiS. 

Carbon 50-434 52427 52-457 

Hydrogen 7*110 7*213 6*958 

Nitrogen 17*682 17*893 17*719 

Oxygen 24*774 22*467 22*866 

The analysis here given of the beard of feathers agrees 
closely with that of horn, while that of the quill is more 
accurately represented by the attached formula, which dif- 
fers from that of horn by 1 eq. of oxygen only. 

a Ann. der Chem. und Fharm* XL*, 61. 
7. Composition of thb Pigmbntum niobum Oculi, 







Scherer.* a 




Carbon 


58*273 


58*672 


57-908 


Hydrogen... 


5*973 


5-962 


5-817 


Nitrogen ... 


13*768 


13*768 


13*768 


Oxygen . . . 


21*986 


21*598 


22-507 



a Ann. der Chem. und Pharm., XL., 63. 
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NOTE (28), p. 133. 
According to the analyses of Playfair and Boeckmann, 

0*452 partsofdrymiuciilar flesh gave 0*836 of carbonic acid. 

0*407 0*279 of water. 

0*242 0*450 of carbonic acid and 0*164 of water. 

0*191 0*360 0*130 

0*305 of dried blood gaye 0*575 carbonic acid and 0*202 of water. 

0*214 0*402 0*138 

1*471 of dried blood, when calcined, left 0*065 of aahes = 4*42 per cent. 

The dried flesh was found to contain of ashes 4*23 per cent. 

The nitrogen was found to be to the carbon as 1 to 8 in equivalents. 

Hence 





Flesh 


(beef). 


Ox.blood. 


Blood. 




Playfair. 


BcBckmann. 


PlayfUr. 




Meanof Saaalyiea. 


Carbon 


51-83 


51-89 


51-95 


51-96 


51-96 


Hydrogen 


7-57 


7-59 


717 


7-33 


7-25 


Nitrogen ... 


15-01 


15-05 


1507 


15-08 


1507 


Oxygen ... 


21-37 


21-24 


21-39 


21-21 


21-30 


Ashes 


4-23 


4-23 


4-42 


4-42 


4-42 



Deducting the ashes, or inorganic matter, the compo- 
sition of the organic part is, 



Carbon 


54-12 


54-18 


54-19 


54-20 


Hydrogen ... 


7-89 


7-93 


7-48 


7-65 


Nitrogen ... 


15-67 


15-71 


15-72 


15-73 


Oxygen 


22-32 


22-18 


22-31 


22-12 



This corresponds to the formula 

C48 54-62 

H„ 7-24 

Ne 15-81 

0,4 22-33 
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NOTE (29), p. 134. 



COMPOSITION OF CHOLEIC ACID, a 





Demar^y. 


Dumas. 


C76Ha6Na€ 


Carbon 


63-707 


63-5 


63-24 


Hydrogen ... 


8-821 


9-3 


8-97 


Nitrogen ... 


3-255 


3-3 


3-86 


Oxygen 


24-217 


23*9 


23-95 



a Ann. der Pharm., XXVIl., 284 and 293. 



NOTE (30), p. 135. 
COMPOSITION OP TAURINE AND OF CHOLOIDIC ACID, 





1. 


Taueine. a 




Demaifay.* 


Dumas. 


Carbon 


19-24 


19-26 


Hydrogen ... 


5-78 


5-66 


Nitrogen ... 


11-29 


11-19 


Oxygen 


63-69 


63-89 



Calculated 
C4H7NO10. 

19-48 

5-57 

11-27 

63*68 



a Ann. der Pharm., XXVII., 287 and 292. 



2. Choloidic Acid, a 





Demar^ay. 


• 








I. 


II. 


Dumas. 


Calculated 
C86H66O12. 


Carbon 


73-301 


73-522 


73-3 


74-4 


Hydrogen ... 


9-511 


9-577 


9-7 


9-4 


Oxygen ... 


17188 


16-901 


17-0 


16-2 



a Ann. der Pharm., XXVII., 289 and 293. 



In reference to the researches of Demar§ay on the bile 
1 would make the following observations. 
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The matter to which I have given the name of choleic 
acid is the bile itself separated from the inorganic con- 
stituents (salts, soda, &c.) which it contains. By the 
action of subacetate of lead aided by ammonia, all the 
organic constituents of the bile are made to unite with 
oxide of lead, with which they form an insoluble, resinous 
precipitate. The substance here combined with oxide of 
lead contains all the carbon and nitrogen of the bile. 
The substance which I have named choloidic add is that 
which is obtained, when the bile, purified by alcohol from 
the substances insoluble in that fluid, is boiled for some 
time with an excess of muriatic acid. It contains all the 
carbon and hydrogen of the bile, except those portions 
which have separated in the form of taurine and ammonia. 
The cholic acid contains the elements of bile, minns 
those of carbonate of ammonia. 

These three compounds, therefore, contain the products 
of the metamorphosis of the entire bile ; their formulae 
express the amount of the elements of the constituents of 
the bile. No one of them exists ready formed in the bile 
in the shape in which we obtain it ; their elements are 
combined in a different way from that in which they were 
united in the bile ; but the way in which these elements 
are arranged has not the slightest inference on the deter- 
mination by analysis of the relative proportions of the 
elements. In the formulae themselves, therefore, is in- 
volved no hypothesis ; they are simply expressions of the 
results of analysis. It signifies nothing that the choleic 
or choloidic acids may be composed of several compounds 
united together. No matter how many such they may 
contain, the relative proportions of all the elements taken 
together is expressed by the formula which is derived 
from the analysis. 

The study of the products which are produced from the 
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bile by the action of the atmosphere, or of chemical re- 
agentSy may be of importance in reference to certain pa- 
thological conditions ; but except as concerns the general 
character of the bile, the knowledge of these products 
is of no value to the physiologist ; it is only a burthen 
which impedes his progress. It cannot be maintained of 
any one of the 38 or 40 substances, into which the bile 
has been divided or split up, that it exists ready formed 
in the healthy secretion ; on the contrary, we know with 
certainty that most of them are mere products of the ac- 
tion of the re-agents which are made to act on the bile. 

The bile contains soda; but it is a most remarkable 
and singular compound of soda. When we cause that 
part of the bile which dissolves in alcohol (which contains 
nearly all the organic part) to combine with oxide of lead, 
thus separating the soda, and then remove the oxide of 
lead, we obtain a substance, choleic acid, which, when 
placed in contact with soda, forms a compound similar to 
bile in its taste ; but it is no longer bile ; for bile may be 
mixed with organic acids, nay, even with dilute mineral 
acids, without becoming turbid or yielding a precipitate ; 
while the new compound, choleate of soda, is decomposed 
by the feeblest acids, the whole of the choleic acid being 
separated. Hence, bile cannot be considered, in any 
sense, as choleate of soda. Further, it may be asked, in 
what form are the cholesterine, and stearic, and margaric 
acids, which are found in bile, contained in that fluid? 
Cholesterine is insoluble in water, and not saponifiable by 
alkalies; and if the two fatty acids just named were 
really present in the bile as soaps of soda, they would be 
instantly separated by other acids. Yet diluted acids cause 
no such separation of stearic and margaric acids in bile. 

It is possible that, in the course of new and repeated 
investigations, the composition of the substances obtained 
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6. Ubic or Xamthic Oxide, a 

WObler and Liefaig. • Calculated C5 H3 m O2. 

Carbon 3928 39-86 

Hydrogen 2-95 2-60 

Nitrogen 3635 3772 

Oxygen 2124 2082 

a Ann. der Pharm., XXVI., 344. 
7. Cystic Oxide, a 

Thaulow.* Calculated Ce He NO 4 S3- 

Carbon 3001 30*31 

Hydrogen 5*10 4-94 

Nitrogen 1100 1170 

Oxygen 28'38 26*47 

Sulphur 25-51 26*58 

a Ann. der Pharm. XXVII., 200. 

The cystic oxide is distinguished from all the other 
concretions occurring in the urinary bladder by the sul- 
phur it contains. It can be shewn with certainty, that 
the sulphur is present neither in the oxidised state, nor in 
combination with cyanogen ; and in regard to its origin 
the remark is not without interest, that four atoms of 
cystic oxide contain the elements of uric acid, benzoic 
acid, sulphuretted hydrogen, and water ; all of which are 
substances, the occurrence of which in the body is beyond 
all doubt. 

1 atom uric acid ... C10N4 H4 0« 

I atom benzoic acid Cm H5 O, 

8 atoms sulphuret-^ 

ted hydrogen ...J 



Ha S 



8 •^'S 



7 atoms water H7 O7 

4 atoms cystic oxide = C24N4 H340i«S8 = 4 (C6NHe04S2). 
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An excellent method of detecting the presence of cystic 
oxide in calculi or gravel is the following : 

The calculus is dissolved in a strong solution of caustic 
potash^ and to the solution is added so much of a solution 
of acetate of lead, that all the oxide of lead is retained in 
solution. When this mixture is boiled there is formed a 
black precipitate of sulphuret of lead, which gives to the 
liquid the aspect of ink. Abundance of ammonia is also 
disengaged ; and the alkaline fluid is found to contain, 
among other products, oxalic acid. 



NOTE (33), p. 137. 

COMPOSITION OF OXALIC, OXALURIC, 

NIC ACIDS. 

1. Oxalic Acid (hydrated). 

Gay Luaiac & Th^nard. Berthollet. 

Carbon 26-566 25-13 

Hydrogen ... 2*745 3*09 

Oxygen 70-.689 71*78 

2. OxALURic Acid, a 

W5hler and Liebig.* 
, -« , 

Carbon 27*600 27-318 

Hydrogen 3122 3-072 

Nitrogen 21-218 21218 

Oxygen 48060 48-392 

a Ann. der Pharm., XXVI., 289. 

3. Parabanic Acid, a 

Wohler and Liebig.* 

Carbon 31-95 31-940 

Hydrogen 2-09 1-876 

Nitrogen 24*66 24*650 

Oxygen 41*30 41*534 

a Ann. der Pharm., XXVI., 286. 

Y 



AND PARABA- 



Calculated 
Ca03 + HO 

26*66 

2*22 

71-12 



calculated 
06 H4 N*i Oj 

27*59 

3-00 

21*29 

48*12 



31*91 

1-73 

24*62 

41-74 
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NOTE (34), p. 138. 

COMPOSITION OF ROASTED FLESH. 
(I.) 0*307 of flesh gave 0*584 of carbonic add and 0*206 of water. 



(2.) 0-255 do. 


0*485 


do. 




0*181 do. 


(3.) 0*179 do. 


0*340 


do. 




0125 do. 


Hence — 










Flesh of roedecr (1). 


Flesh of beef 


(2). 


Flesh of veal (3) 


Boeckmnm. 


• 




Playfak.* 


Carbon 52*60 


52-590 




52-52 


Hydrogen... 7*45 




7-886 




7-87 


Nitrogen ... 15*23 




15-214 




14-70 


Ashes J 




24-310 




24-91 



NOTE (35), p. 142. 

The formula C^H-m^isOid} or CJl^^JigOya, gives, when 
reduced to 100 parts, 

Cm 50-07 

H42 6-35 

Np 19-32 

Ojo 24-26 

Compare this with the composition of gelatine, as given 
in Note (27). 

NOTE (37), p. 154. 

COMPOSITION OF LITHOFELLIC ACID, a 

Ettling and Wm.» Wohler. cSStaJo? 

/-- s 

Carbon 71-19 7080 70*23 7083 70*83 

Hydrogen... 10*85 10*78 10*95 10*60 10-48 
Oxygen 17*96 18*42 18*92 18*57 18*69 

a Ann. der Chem und Pharm., XXXIX., 242, XLI., 154. 
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NOTE (38), p. 177. 

COMPOSITION OF SOLANINE FROM THE BUDS OF 

GERMINATING POTATOES, a 

Blauchet 

Carbon 62-11 

Hydrogen 892 

Nitrogen 1*64 

Oxygen 2733 

a Ann. der Pharm., YII.i 150. 



NOTE (39), p. 177. 
COMPOSITION OF PICROTOXINE. « 

Francis.* 

Carbon 60*26 

Hydrogen 5*70 

Nitrogen 1*30 

Oxygen 32*74 

a In another analysb, M. Frands obtained 0*75 per cent, of nitrogen. 
The picrotoxine employed for these analyses was partly obtained from the 
manufactory of M. Merck, in Darmstadt, and was partly prepared by M. 
Francis himself; it was perfectly white, and beautifully crystallized. Reg- 
nault, as is well lmown» found no nitrogen in this compound. 



NOTE (40), p. 177. 

COMPOSITION OF QUININE. 

Llebig.* Calculated 

C2l;Hl2NOi 

Carbon 75*76 74*39 

Hydrogen 7*52 7*25 

Nitrogen 8*11 8*62 

Oxygen 8*62 964 

y2 
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NOTE (41), p. 177. 

COMPOSITION OF MORPHIA. « 

Llebls.* Rqmault. Calculated 
^ CasHaoNOs 

Carbon 72-340 72-87 72-41 7228 

Hydrogen ... 6366 6-86 6*84 6*74 

Nitrogen 4-995 5-01 5-01 4*80 

Oxygen 16-299 1526 1574 1618 

a Ann. der Fharm., XXVI.y 23. 



NOTE (42), p. 177. 

COMPOSITION OF CAFFEINE, THEINE, GUARANINE, 
THEOBROMINE, AND ASPARAGINE. 

Calculated 



Cs Hfi Ns O3 



Caffeine, a Th^e. h Guaranine. e 
Pfkff and Liebig.* Jobst. Martiua, 

Carbon 49*77 50*101 49-679 49798 

Hydrogen... 5-33 5-214 5*139 5082 

Nitrogen ... 28*78 29.009 29*180 28*832 

Oxygen ... 16*12 15*676 16*002 16*288 

a Ann. der Fharm., I., 17. 
b Do. XXY., 63. 

e Do. XXVI., 95. 

Guaranine is the name given to the crystallized prin- 
ciple of the guarana officinalis, till it was shewn to be 
identical with caffeine and th^ine, as the above analyses 
demonstrate. 

COMPOSITION OF THEOBROMINE, a 





Woskreseusky. 




Calculated C9 H5 N3 O2 


Carbon 47.21 


46*97 


46*71 


46*43 


Hydrogen... 4*53 


4-61 


4-52 


4*20 


Nitrogen ... 35*38 


35*38 


35*38 


35*85 


Oxygen 12*88 


13*04 


13*39 


13*51 



a Ann. der Chem. und Pharm., XLI.» 125. 
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COMPOSITION OF ASPARAGINE. a 





Liebig.* 


Calculated Cs Hs Ns 06 + 2HO 


Carbon ......... 


32-351 


32-35 


Hydrogen 


6-844 


6-60 


Nitrogen 


18-734 


18-73 


Oxygen 


42-021 


42-32 



a Ann. der Hiann., VII., )46. 



ON THE CONVERSION OF BENZOIC ACID INTO 

HIPPURIC ACID.* 

By Wilhblm Ksller. 
(From the Annalen der Chemie nnd Pharmacie.) 

So early as in the edition of Berzelius's " Lehrbuch der 
Chemie/* published in 1831, Professor Wohler had ex- 
pressed the opinion, that benzoic acid, during digestion, 
was probably converted into hippuric acid. This opinion 
was founded on an experiment which he had made on the 
passage of benzoic acid into the urine. He found in the 
urine of a dog which had eaten half a drachm of benzoic 

* To the evidence produced by A. Ure, of the conyersion of benzoic acid 
into hippuric acid in the human body, M. Keller has added some yery de- 
cisive proofs, which I append to this work on account of their physiological 
importance. The experiments of M. Keller were made in the laboratory of 
Professor Wohler, at Gottingen ; and they place beyond all doubt the fact 
that a non-azotised substance taken in the food can take a share, by means 
of its elements, in the act of transformation of the animal tissues, and in the 
formation of a secretion. This fact throws a dear light on the mode of action 
of the greater number of remedies ; and if the influence of caffeine on the 
formation of urea or uric acid should admit of being demonstrated in a similar 
way, we shall then possess the key to the action of quinine and of the other 
vegetable alkalies.-^ J. L. 
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acid with his food, an acid crystallizing in needle-shaped 
prisms, which had the general properties of benzoic acid, 
and which he then took for benzoic acid. (Tiedemann's 
Zeitschrift fiir Physiologic, i. 142.) These crystals were 
obviously hippuric acid, as plainly appears from the 
statements, that they had the aspect of nitre, and, when 
sublimed, left a residue of carbon. But at that time hip- 
puric acid was not yet discovered ; and it is well known, 
that till 1829, when these acids were first distinguished 
from each other by Liebig, it was uniformly confounded 
with benzoic acid. 

The recently published statement of A. Ure, that he 
actually found hippuric acid in the urine of a patient who 
had taken benzoic acid, recalled this relation, so remark- 
able in a physiological point of view, and induced me to 
undertake the following experiments, which, at the sug- 
gestion of Professor Wbhler, I made on myself. The sup- 
posed conversion of benzoic acid into hippuric acid has^ 
by these experiments, been unequivocally established. 

I took, in the evening before bedtime, about thirty- 
two grains of pure benzoic acid in syrup. During the 
night I perspired strongly, which was probably an effect 
of the acid, as in general I am with great difficulty made 
to transpire profusely. I could perceive no other effect, 
even when, next day, I took the same dose three times ; 
indeed, even the perspiration did not again occur. 

The urine passed in the morning had an uncommonly 
strong acid reaction, even after it had been evaporated, 
and had stood for twelve hours. It deposited only the 
usual sediment of earthy salts. But when it was mixed 
with muriatic acid, and allowed to stand, there were 
formed in it long prismatic, brownish crystals, in great 
quantity, which, even in this state, could not be taken for 
benzoic acid. Another portion, evaporated to the con- 
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sistence of syrup, formed, when mixed with muriatic acid, 
a magma of crystalline scales. The crystalline mass was 
pressed, dissolved in hot water, treated with animal char- 
coal, and recrystallized. By this means the acid was 
obtained in colourless prisms, an inch in length. 

These ci^ystals were pure hippuric acid. When heated, 
they melted easily ; and when exposed to a still stronger 
heat, the mass was carbonised, with a smell of oil of bitter 
almonds, while benzoic acid sublimed. To remove all 
doubts, I determined the proportion of carbon in the 
crystals, which I found to be 60*4 per cent. Crystallized 
hippuric acid, according to the formula CigHgNOs + HO, 
contains 60*67 per cent, of carbon; crystallized benzoic 
acid, on the other hand, contains 69'10 per cent, of car- 
bon. 

As long as I continued to take benzoic acid, I was able 
easily to obtain hippuric acid in large quantity from the 
urine ; and since the benzoic acid seems so devoid of any 
injurious effect on the health, it would be easy in this 
way to supply one's self with large quantities of hippuric 
acid. It would only be necessary to engage a person to 
continue for some weeks this new species of manufacture. 

It was of importance to examine the urine which con- 
tained hippuric acid, in reference to the two normal chief 
constituents, urea and uric acid. Both were contained in 
it, and apparently in the same proportion as in the nor- 
mal urine. 

The inspissated urine, after the hippuric acid had been 
separated by muriatic acid, yielded, on the addition of 
nitric acic, a large quantity of nitrate of urea. It had 
previously deposited a powder, the solution of which in 
nitric acid gave, when evaporated to dryness, the well- 
known purple colour characteristic of uric acid. This 
observation is opposed to the statement of Ure ; and he 
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is certainly too hasty in recommending benzoic acid as a 
remedy for the gouty and calculous concretions of uric 
acid. He seems to suppose that the uric acid has been 
employed in the conversion of benzoic acid into hippuric 
acid; but as his observations were made on a gouty pa- 
tient, it may be supposed that the urine, even vrithout 
the internal use of benzoic acid, would have been found 
to contain no uric acid. Finally, it is clear that the hip- 
puric acid existed in the urine in combination with a base, 
because it only separated after the addition of an acid. 



INDEX. 



wm^^ 



INDEX. 



A. 

Acid. 

— Acetic. Composition ; and relation to that of aldehyde, 279, 
280. 

-^Benzoic. Composition, and relation to that of oil of hitter 
almonds, 279, 280. Converted into hippuric acid in the 
human body, 150, 325. 

— Carbonic. Is the form in which the inspired oxygen and the 
carbon of the food are given out, 13. Its formation in the 
body the chief source of animal heat, 17 — 22. Occurs com- 
bined with potash and soda, in the serum of the blood, 41. 
Formed by the action of oxygen on the products of the 
metamorphosis of the tissues, 60. Its formation may also 
be connected with the production of fat from starch, 85 — 91. 
Generated by putrefaction of food in the stomach of animals, 
115. Also by the fermentation of bad wine in man, when 
it causes death by penetrating into the lungs, 116. Escapes 
through both skin and lungs, ib» Produced, along with 
urea, by the oxidation of uric acid, 140. Produced, with 
several other compounds, by the oxidation of blood, ib. May 
be formed, along with choleic acid, from hippuric acid, 
starch, and oxygen, 152. Also, along with choleic acid, 
urea, and ammonia, by the action of water and oxygen on 
starch and proteine, ib. Produced, along with fat and urea, 
from proteine, by the action of water and oxygen, in the 
absence of soda, 154. Combines with the compound of 
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Acid. 

iron present in venous blood, and is given off when oxygen 
is absorbed, 269. Is absorbed by the serum of blood in all 
states, 270. 

-^Cerehric* Its composition, 184. Its properties, 186. 

— Choleic, Represents the organic portion of the bile, 133. Its 
formula, 134. Its transformations, 125. Half its formula, 
added to that of urate of ammonia, is equal to the formula 
of blood -f- & VA^e oxygen and water, 136. Produced in 
the oxidation of blood, 140. Views which may be taken of 
its composition, 148. May be formed by the action of 
oxygen and water on proteine and starch, 152. Products of 
its oxidation, 154. Various ways in which it may be sup- 
posed to be formed in the body, 160. Its composition, 315. 
Cannot be said to exist ready formed in the bile, 317. 

— ChoUc, Its composition, 318. Derived from choleic acid, 134, 
135. Possible relation to choleic acid, 148. 

— Choloidic, Its composition, 315. Derived from choleic acid, 
135. Possible relation to choleic acid, 148. Possible re- 
lation to starch, 157. Possible relation to proteine, 141. 

— Cyanic, Its formula, 281. 

— Cyanmric, Its formula, 281. 

•^^Hippuric, Its composition, 319. Appears in the urine of 
stall-fed animals, 82. Is destroyed by exercise, 82, 139. Is 
probably formed in the oxidation of blood, 140. Is found 
in the human urine after benzoic acid has been administered, 
150, 325. May be derived from proteine when acted on by 
oxygen and uric acid, 151. With starch and oxyg^i, it 
may produce choleic and carbonic acids, 152. May be de- 
rived from the oxidation of choleic acid, 154. 

•^Hydrocyanic or Prussic. Its poisonous action explained, 274. 

— Lithofellic. Its composition, 322. Probably derived from the 
oxidation of choleic acid : is the chief constituent of bezoar 
stones, 154. 

^--LacHc* Its composition, 309. Its origin. 111. Does not 
exist in the healthy gastric juice, 112. 

— Margaric* Exists in bile, 317- 

— Muriatic* Exists in the free state in the gastric juice, 109, 
112. Is derived from common salt, 112, 161. 

— Osaluric. Analysis of, 32 1 . 
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Acid. 

— Parabanic. Analysis of, 321. 

— Phosphoric, Exists in the urine of the camivora in consider- 
able quantity, 78, 163. Its proportion very small in that 
of the graminivora, 79. Derived from the phosphorus of the 
tissues, 78. It is retained in the body to form bones and 
nervous matter, 80. 
— Sulphuric, Exists in the urine of the camivora, 78, 163. De- 
rived from the sulphur of the tissues, 78. 
— Uric. Its composition, 318. Products of its oxidation, al- 
loxan, oxalic add, carlxmic acid, urea, &c., 137, 140. Is 
probably derived, along with choleic acid, by the action of 
oxygen and water on blood or muscle, 136. Disappears 
almost entirely in the system of man and of the Ingher ani- 
mals, 55, 137. Appears as calculus, when there is a defi- 
ciency of oxygen, 137. Never occurs in pthisical cases, ib. 
Yields mulberry calculus when the quantity of oxygen is 
somewhat increased, but only urea and carbonic acid with a 
full supply of oxygen, ib. Uric acid calculus promoted liy 
the use of fat and of certain wines, 139. Unknown on the 
Rhine, ib. Uric acid and urea, how related to allantoine, 
141; to gelatine, 142. Forms the greater part of the 
urine of serpents, 54. Yields, with the elements of proteine 
and oxygen, hippuric acid and urea, 151. How related to 
taurine, 155, 156. Calculi of it never occur in wild car- 
nivora, but often in men who use littie animal food, 146. 
Affinity, Chemical. Is the ultimate cause of the vital pheno- 
mena, 9, 10. Is active only in the case of contact, and de- 
pends much on the order in which the particles are arranged, 
205. Its equilibrium renders a compound liable to transfor- 
mations, 207. In producing the vital phenomena, it is modi- 
fied by other forces, 209. It is not alone the vital force or 
vitality, but is exerted in subordination to that force, 232. 
AiB. Introduced into the stomach during digestion with the 
saliva, 113. Effects of its temperature and density> dryness, 
&c., in respiration, 15, 16. 
Albumen. Animal and vegetable albumen identical, 47, 48. 
Their composition, 293, 294, 308, 309. Vegetable albumen, 
how obtained, 45. Is a compound of proteine, and in organic 
composition identical with fibrine and caseine, 47, 104, 106. 
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Exists in the yolk as well as the white of eggs, 107. Also in 
the serum of the hlood, 41. Is the true starting point of all 
the animal tissues, 107, 108. 

Alcohol. Is hurtful to camiyorous savages, 179. Its mode of 
action : checks the change of matter, 239. In cold climates 
serves as an element of respiration, 22. 

Aldbhyob. Its composition ; how related to that of acetic acid, 
279, 280. 

Alkalibs. Mineral alkalies essential both to vegetable and ani- 
mal life, 164, Vegetable alkalies all contain nitrogen, all act 
on the nervous system, and are all poisonous in a moderate 
dose, 177, 182. Theory of their action : they take a share in 
the transformation or production of nervous matter, for which 
they are adapted by their composition, 182 — 189. Action of 
caustic alkalies on bile, or choleic acid, 134. 

Allantoiitb. Is found in the urine of the foetal calf. How de- 
rived from proteine. How related to uric acid and urea, 141. 
How related to choleic acid, 148. Its composition, 319. 

Allbit and Pbfts* Their calculation of the amount of inspired 
oxygen, 283. 

Alloxan. Formed by the oxidation of uric add* 137* Con- 
verted by oxidation into oxalic acid and urea, oxaluric and 
parabanic acids, or carbonic acid and lurea, ib. How related to 
taurine, 156. Seems to act as a diuretic. Recommended for 
experiment in hepatic diseases, ib, (note). 

Almonds, Bittbb. Oil of. Its composition ; how related to ben- 
zoic acid, 280. 

Ammonia. Combined with uric acid it forms the urine of ser- 
pents, birds, &c., 54. Its relation to choleic, choloidic, and 
cholic acids, 135. Is one of the products which may be 
formed by the oxidation of blood, 140 ; or of proteine, 152. 
Its relation to uric acid, urea, and taurine, 155. To allan- 
toLne and taurine, 155, 156. To alloxan and taurine, 156. 
To choleic and choloidic acid and taurine, 158. To urea, 
water, and carbonic acid, 159. Is found in combination with 
acids in the urine of the camivora, 163. 

Analysis. Of dry blood, 283, 314. Of dried flesh, 314. Of 
faeces, 285. Of black bread, ib. Of potatoes, ib. Of peas, 
ib. Of beans, ib. Of lentils, ib. Of fresh meat, ib. Of 
moist bread, ib. Of moist potatoes, ib. Of the fibrine and 
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albumen of blood, 293, 810, 311. Of vegetable fibrine and 
albumen, vegetable caseine and gluten, 294, 295. Of animal 
caseine, 295. Of starch, 296, 297. Of grape or starch sugar, 
297. Of sugar of milk, 298. Of gum, ib. Of oats, ib. Of 
hay, 299. Of £sit, 300. Of cane-sugar, ib. Of cholesterine, 
ib. Of wax, 307. Of cyanic acid, cyanuric acid, and C3rame- 
lide, 308. Of aldehyde, metaldehyde, and elaldehyde, 307. Of 
proteine, 308. Of albumen from the yolk and white of egg, ib. 
Of lactic acid, 309. Of gas from the stomach of cows after 
eating to excess, ib» Of gas from stomach and intestines of 
executed criminals, ib. Of gelatinous tissues, 311. Of tissues 
containing chondrine, 312. Of arterial membrane, ib. Of 
homy tissues, ib. Of the lining membrane of the eggj 313. 
Of feathers, ib. Of the pigmentum nigrum, t^. Of choleic 
acid, 315. Of taurine, ib. Of choloidic acid, ib^ Of cholic 
acid, 318. Of uric acid, ib. Of alloxan, 319. Of urea, ib. 
Of hippuric acid, ib. Of allantoine, ib. Of xanthic oxide, 
320. Of cystic oxide, ib. Of oxalic acid, 320. Of oxaluric 
acid, ib. Of parabanic acid, ib. . Of roasted flesh, 322. Of 
lithofellic acid, ib. Of solanine, 323. Of picrotoxine, ib. 
Of quinine, ib. Of morphia, 324. Of caffeine, theine, or 
guaranine, ib. Of theobromine, ib. Of asparagine, 325. 

Animal Hsat. Derived from the combination of oxygen with 
the carbon and hydrogen of the metamorphosed tissues, which 
proceed ultimately from the food, 17, 18. Is highest in those 
animals whose respiration is most active, 19. Is the same 
in man in all climates, 19, 20. Is kept up by the food 
m proportion to amount of external cooling, 22« Is not pro- 
duced either by any direct influence of the nerves, or by mus- 
cular contractions, 29 — 34. Its amount in man, 34. Che- 
mical action the sole source of it, 38. The formation of fat 
from starch or sugar must produce heat, 91, 94. The ele- 
ments of the bile, by combining with oxygen, serve chiefly to 
produce it, 61. 

Animal Life. Distinguished frx)m vegetable life by the absorp- 
tion of oxygen, and the production of carlxmic acid, 2. Must 
not be confounded with consciousness, 6, 7. Conditions ne- 
cessary to animal life, 9, 12. Depends on an equilibrium be- 
tween waste and supply, 245, 254, 265. 

Antiseptics. They act by putting a stop to fermentation, putre- 
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£Eu;tion, or other forms of metamorphosb, 170. Their action 
on wounds and ulcers, 121. 

Abtbbibs. Composition of their tunica media, 312. How de- 
rived from proteine> 126. 

Abtbbial Blood. Gonyeys oxygen to every part of the body, 
60, 269. Contains a compound of iron, most probably per- 
oxide, 269. Yields oxygen in passing through the capillaries, 
60, 271. Contains carbonic acid dissolved or combined with 
soda, 272. 

AsPABAoiNB. Its composition, 325. Its relation to taurine and 
bile, 180« Theory of its action on the bile, 181. 

Assimilation. In animals it is independent of external influ- 
ences, 3. Depends on the presence in the blood of compoimds 
of proteine, such as fibrine, albumen, or caseine, 40, 106. Is 
more energetic in the young than in the adult animal, 67. Is 
also more energetic in the herlNivora than in the camivora, ^1. 

Atmosphebb. See Aib. 

AzoTisED Pboducts. Of Vegetable life, 45, 176 — 182. Of the 
metamorphosis of tissues. Necessary for the formation of bile 
in the herbivora, 158. In man, 166, 168. May be replaced 
by azotised vegetable compounds, 169 — 170. Theory of this, 
177 — 182. Of the transformation of the bile, or of choleic 
acid ; how related to the constituents of urine, 155. 

B. 

Bbans. Composition of, 285. 

Bbbb. Forms part of the diet of soldiers in (Germany, 286, 288. 

Bees. Their power of forming wax from honey, 301 — 306. 

Benzoic Acid. See Acio, Benzoic, 

Beethollbt. His analysis of oxalic acid, 321 • 

Bebzblius. His analysis of potato starch, 297; of sugar of 
milk, 298 ; of gum, ib. ; of cane sugar, 300. 

Bezoab stones. See Acid, Lithofellie, 

Blanchet. His analysis of solanine, 323. 

Bile. In the camivora is a product of the metamorphosis of the 
tissues, along with urate of ammonia, 136. May be repre- 
sented by choleate of soda, with which, however, it is not iden- 
tical, 317. Products of its transformation, 135, 317. Re- 
marks on these, 315 — 318. Origin of bile, 61, 144. Starch, 
&c., contribute to its formation in the herbivora, 146— 
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150, 159. 160. 166. Soda essential to it, 154, 162—164. 
Relation of bile to urine, 156. To starch, 157. To fibrine, 
136. To caffeine, &c., asparagine, and theobromine, 180. 
For the acid substances derived from bile, choleic, choloidic, 
and cholic acids, see Acid, choleic, &c. Yields taurine, 135. 
Contains cholesterine, 85, 317. Also stearic and margaric 
acids, 317. Its function : to support respiration and produce 
animal heat by presenting carbon and hydrogen in a very so- 
luble form to the oxygen of the arterial blood, 61 — 64. 
Amount secreted by the dog, the horse, and man, 64. It re- 
turns entirely into the circulaticHi, and disappears completely, 
60—66. 

Blood. The fluid from which every part of the body is formed, 
8. Its chief constituents, 40. How formed from vegetable 
food, 45 . Can only be formed from compounds of proteine, 48 . 
Is therefore entirely derived from vegetable products in the 
herbivora, and indirectly also by the camivora, which feed on 
the flesh of the. former, 48. Its composition identical with 
that of flesh, 133. Analysis of both, 314. The secretions 
contain all the elements of the blood, 132. Its relation to bile 
and urine, 136. Products of the oxidation of blood, 140. 
Excess of azotised food produces fulness of blood and disease, 
145. Soda is present in the blood, 161 — 164. Important 
properties of the blood, 171 — 175. Venous blood contains 
iron, probably as protoxide ; arterial blood, probably as perox- 
ide, 271, 273. Theory of the poisonous. action of sulphuretted 
hydrogen and Prussic acid : they decompose the compound of 
iron in the blood, 274. The blood, in analogous morbid states, 
ought to be chemically examined, 275. 

Blood-lettin&. Theory of its mode of action, 258. It may 
produce opposite effects in different cases, 264. 

BoicKMANN. His analysis of black bread, 285 ; of potatoes, ib.; 
of dry beef, 314 ; of dry blood, ib.; of roasted flesh, 322. 

Bones. Phosphoric acid of the food retained to assist in forming 
them, 80. Gelatine of bones digested by dogs, 97. See, fur- 
ther. Gelatine. Cause of brittleness in bones, 99. 

Boussingault. His analysis of potatoes, 285. His comparison 
of the food and excretions in the. horse and cow. Table, 290. 
His analysis of gluten, 294 ; of vegetable albumen, ib,; of ve- 
getable caseine, 295 ; of oats, 298 ; of hay, 299. 

Z 



338 INDEX. 

Braconnot. On the presience of lactic acid in gastric juice, 112; 
of iron in the gastric juice of the dog, 113. 

Brain. See Acid, Cerebric, and Nervous Matter. 

Bread. Analysis of, 285. 

Brunn. His analysis of sugar of nulk, 298. 

Buckwheat. Analysis of starch from, 296. 

BuRDACH. His statement of the amount of bile 'secreted by ani- 
mals, 64. 

Butter. Forms a part of the food of soldiers in Germany, 286, 
288. 

Buzzard. Its excrements consist of urate of ammonia, 54; 

C. 

Caffeine. Identical with theine, 179. Its relation to taurine 
and bile, 180. Theory of its mode of action, 181. Its com- 
position, 324. 

Cane Sugar. Its composition, 300. 

Carbon. Is accumulated in the bile, 61. Is given off as car- 
bonic acid, 13. Excess of carbon causes hepatic diseases, 24. 
By combining with oxygen, it yields the greater part of the 
animal heat. See Animal Heat, Bile, and Acid, Carbonic, 
Amount of carbon oxidised daily in the body of a man, 14. 
Calculations on which this statement is founded, 284 — 289. 
Amount consumed by the horse and cow, 14. Different pro- 
portions of carbon in different kinds of food, 17. Carbon of 
flesh compared with that of starch, shewing the advantage of 
a mixed diet, 76. Calculation on which this statement is 
founded, 299. Amount of carbon in dry blood calculated, 283. 
Amoimt in the food of prisoners calculated, 293. 

Carbonic Acid. See Acid, Carbonic, 

Carbonates. They occur in the blood, 41 . 

Calculus, Mulberry. Derived from the imperfect oxidation of 
uric acid, 137. Uric acid calculus is formed in consequence 
of deficiency of inspired oxygen, or excess of carbon, in the 
food, 137. See Acid, Uric, Bezoar stones composed of 
lithofellic acid, 154. 

Carnivora. Their nutrition the most simple, 44. It is ulti- 
mately derived from vegetables, 48, 49. Their young, like 
graminivora, require non-azotised compounds in their food, 50. 
Their bile is formed from the metamorphosis of their tissues. 
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59, 61. The process of assimilation in adult and young car- 
nivora compared, 67. Their urine, 78. The assimilative pro- 
cess in adult camivora less energetic than in graminivora, 80. 
They are destitute of fat, 82. They swallow less air with 
their food than graminivora, 118. Concretions of uric acid 
are never found in them, 146. Both soda and ammonia found 
in their urine, 163. 

Caseine. One of the azotised nutritious products of vegetable 
life, 47. Abundant in leguminous plants, 47. Identical in 
organic composition with fibrine and albumen, 47, 48. Animal 
caseine found in milk and cheese : identical ^ with vegetable 
caseine, 51. Furnishes blood to the young animal, 52. Is 
one of the plastic elements of nutrition, 96. Yields proteine, 
105, 106. Its relation to proteine, 126. It contains sulphur, 
ib. Potash essential to its production, 164. Contains more 
of the earth of bones than blood does, 52. Its analysis, 295. 

CsBBBBic Acid. See Acid, Cerebric, 

Change of Matteb. See Metamobphosis of Tissues. 

Chemical Attbaction. See Affinity. 

Chbvbeul. His researches on fat, 84. His analysis of fat, 300 ; 
of cholesterine, ib. 

Chlobidb of Sodium. See Common Salt. 

Choleic Acid. See Acid, Choleic. 

Cholestebine. See Bile. 

Cholic Acid. See Acid, Cholic. 

Choloidic Acid. See Acid, ChoUndic. 

Chondbinb. Its relation to proteine, 126. Analysis of tissues 
containing it, 312. 

Chbonic Diseases. The action of inspired oxygen is the cause 
of death in them, 27, 28. 

Chtle. When it has reached the thoracic duct, it is alkaline, 
and contains albumen coagulable by heat, 145. 

Chtme. It is formed independently of the vital force, by a che- 
mical transformation, 108. The substance' which causes this 
transformation is derived from the living membrane of the 
stomach, 109. Chyme is acid, 145. 

Clothing. Warm clothing is a substitute for food to a certain 
extent, 22. Want of clothing accelerates the rate of cooling, 
and the respirations, and thus increases the appetite, ib. 

Cold. Increases the appetite by accelerating the respiration, 22. 

z 2 
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Is most judiciously employed as a remedy in cerebral inflam- 
mation, 261. 
Concretions. See Calculus, and Acid, Uric; also Acid, 

Lithofellic, 

Constituents, Azotised. Of blood: see Fibrins and Albu- 
men. Of vegetables : see Fibbine, Vegetable ; Albumen, 
Vegetable ; Caseine, Vegetable ; Alkalies, Vegetable ; and 
Caffeine. Of bile : see Acid, Choleic, Cholic, and Choloidic. 
Of urine : see Acid, Uric; Urea, and Allantoine. 

Cooling. See Cold and Clothing. 

CouERBE. His analysis of cholesterine, 300. 

Cow. Amount of carbon expired by the, 14. Comparison of 
the food with the excretions of the cow, 291. 

Crum. His analysis of cane sugar, 300. 

Cultivation. Is the economy of force, 78. 

Ctamelide. Its formula, 280. 

Cyanic Acid. See Acid, Cyanic, 

Cyanide of Iron. Its remarkable properties, 269. 

Cyanuric Acid. See Acid, Cyanuric. 

D. 

Davy. Oxygen consumed by an adult man, 283. 

Death. Cause of, in chronic diseases, 27, 28. Caused in old 
people by a slight depression of temperature, 255. Definition 
of it, 254. 

Demar9AY. His analysis of choleic acid, choloidic acid, and 
taurine, 315. Remarks on his Researches on Bile, 316. 

Denis. His experiments on the conversion of fibrine into albu- 
men, 42. 

Desfretz. His calculation of the heat developed in the com- 
bustion of carbon, 34. 

Diabetes Mellitus. The sugar found in the urine in this 
disease is grape sugar, and is derived from the starch of the 
food, 95. 

Diastase. Analogy between its solvent action on starch, and 
that of the gastric juice on coagulated albumen. 111. 

Diffusion of Gases. Explains the fact that nitrogen is given 
out through' the skin of animals, 118; and the poisonous 
action of feather- white wine, 116. 

Digestion. Is effected without the aid of the vital force, by a 
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metamorphosis derived from the transformation of a substance 

proceeding from the lining membrane of the stomach, 109. 

The oxygen introduced with the saliva assists in the process, 

113. Lactic acid has no share in it. 111, 112. 
Disease. Theory of, 254 et seq. Cause of death in chronic 

disease, 27. Disease of liver caused by excess of carbon or 

deficiency of oxygen, 23. Prevails in hot weather, 24. 
Dog. Amount of bile secreted by, 64. Digests the gelatine of 

bones, 97. His excrements contain only bone earth, 98. 

Concretion of urate of ammonia said to have been found by 

Lassedgne in a dog, doubtful, 146 (note). 
Dumas. His analysis of choleic acid, 315; of choloidic acid, 

ib.; of taurine, ib.; of cholic acid, 318; of hippuric acid, 

319. 

E. 

EoGS. Albumen of the white and of the yolk identical, 107. 
Analysis of both, 308 ; of lining membrane, 313. The fat of 
the yolk may contribute to the formation of nervous matter, 
108. This fat contains iron, 107. 

Elaldbhyde. See Aldehyde. 

Elements. Of nutrition, 96. Of respiration, ib. 

Emfybeumatics. They check transformations, 170. Their ac- 
tion on ulcers, 121. 

Equilibrium. Between waste and supply of matter is the ab- 
stract state of health, 245, 258. Transformations occur in 
compounds in which the chemical forces are in unstable equi- 
librium, 109. 

Ettling. His analysis of wax, 307. Ettling and Will. Their 
analysis of lithofellic acid, 322. 

Excrements. Contain little or no bile in man and in the herbi- 
vora, none at all in the dog and other camivora, 64. Those 
of the dog are phosphate of lime, 98. Those of serpents are 
urate of ammonia, 54. Those of birds also contain that salt, 
54. Those of the horse and cow compared with their food, 
290, 291. 

Excretions. Contain, with the secretions, the elements of the 
blood or of the tissues, 132 — 136. Those of the horse and 
cow compared with their food, 290, 291. Bile is not an 
excretion, 63. 
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F. 

F^CES. Analysis of, 285. 

Fat. Theory of its production from starch, when oxygen is defi- 
cient, 83 et seq, ; from other suhstances, 86. The formation 
of fat supplies a new source of oxygen, 89 ; and produces heat, 
90 et seq. Maximum of fat, how obtained, 94. Camivora 
have no fat, 82. Fat in stall-fed animals, 89. Occurs in some 
diseases in the blood, 95. Fat in the women of the East, 99. 
Composition compared with that of sugar, 84, 85. Analysis 
of fat, 300. Disappears in starvation, 25. Is an element of 
respiration, 96. 
Fattening op Animals. See Fat. 
Fbathebwhitb Wine. Its poisonous action^ 116. 
Febrile Paboxysm. Definition of, 256. 
Fehling. His analysis of metaldehyde and elaldehyde, 307. 
Fermentation. May be produced by any azotised matter in a 
state of decomposition, 120. Is arrested by empyreumatics, 
ib. Is analogous to digestion, 119. 
Feveb. Theory and definition of, 256. 
FiBBE. Muscular. See Flesh. 

FiBBiNE. Is an element of nutrition, 96. Animal and vegetable 
fibrine are identical, 45. Is a compound of proteine, 105. Its 
relation to proteine, 126. Convertible into albumen, 42. Is 
derived from albumen during incubation, 107. Its analysis, 
293, 294, 311. Vegetable fibrine, how obtained, 45, 46. 
Fishes. Yield phosphuretted hydrogen, 191 (note). 
Flesh. Consists chiefly of fibrine, but, from, the mixture of fat 
and membrane, has the same formula as blood, 133. Analysis 
of flesh, 314, 322. Amount of carbon in flesh compared with 
that of starch, 77, 299. 
Food. Must contain both elements ot nutrition and elements of 
respiration, 96. Nutritious food, strictly speaking, is that 
alone which is capable of forming blood, 40. Whether derived 
from animals or from vegetables, nutritious food contains pro- 
teine, 44, 106 et seq. Changes which the food undergoes in 
the organism of the camivora, 53 ^/ seq. The food of the 
herbivora always contains starch, sugar, &c., 70. Food, how 
dissolved, 108 et seq. Azotised food has no direct influence on 
the formation of uric acid calculus, 138. Effects of super- 
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abundant azotised food, 145, 146. Non-azotised food contri- 
butes to the formation of bile, and thus to respiration, 147 et 
seq. Salt must be added to the food of herbivora, in order to 
yield soda for the bile, 162. Caffeine, &c., serve as food for 
the liver, 188. The vegetable alkalies may be viewed as food 
for the organs which form the nervous matter, 189. Amount 
of food consumed by soldiers in Germany, 286. Its analysis, 
284. Food of the horse and cow compared with their excre- 
tions, 290, 291. 

Formula. Explanation of their use, 280. How reduced to 100 
parts, 281. Formulae of albumen, fibrine, caseine, and animal 
tissues, 126*. Formula of proteine, 121 ; of blood and flesh> 
133 ; of fat, 85 ; of cholesterine, 85 ; of aldehyde, acetic acid, 
oil of bitter almonds, and benzoic acid, 280 ; of cyamelide, 
cyanic acid, and cyanuric acid, 280; of choleic acid, 134; of 
. choloidic acid and cholic acid, 135 ; of gelatine, 142 ; of hip- 
puric acid, 150 ; of lithofellic acid, 154 ; of taurine, 155 ; of 
alloxan, 156. See Analysis. 

Francis. His analysis of picrotoxine, 323. 

Frkmy. Lameyran and Fr^my. Their analysis of gas from the 
abdomen of cows after excess in fresh food, 309. His re- 
searches on the brain, 43, 184. 

Frkquency of the pulse and respiration in different animals, 19, 
292. 

Fruits. Contain very little carbon, and hence are adapted for 
food in hot climates, 17. 

G. 

Gas. Analysis of gas from abdomen of cows affcer excess in fresh 
food, 115, 309. Analysis of gas from the stomach and intes- 
tines of executed criminals, 115, 309. 

Gastric Juice. Contains no solvent but a substance in a state 
of metamorphosis, by the presence of which the food is dis- 
solved, 109. Contains free acid, ib. Contains no lactic acid, 
112. In the dog has been found to contain iron, 113. See 
Digestion, Chyme, Food. 

Gay-Lussag and Thenard. Their analysis of starch, 297 ; of 
sugar of milk, and of gum, 298 ; of cane sugar, 300 ; of wax, 
307 ; of oxalic acid, 321. 

Gelatine. Is derived from proteine, but is no Ipnger a com- 



344 INDEX. 

pound of proteine, and cannot form blood, 127 et seq. May 
serve as food for the gelatinous tissues, and thus spare the 
stomach of convalescents, 9S, 1 30. In starvation the gelati- 
nous tissues remain intact, 97. Its relation to proteine, 126. 
Its formula, 142. Its analysis, 311, 322. 

GoEBEL. His analysis of gum, 298. 

Globules of the blood are the carriers of oxygen to all parts of 
the body, 171 — 175. They contain iron, 265 et seq. 

Gluten. Contains vegetable fibrine, 46. Analysis of it, 295. 

Gmblin. On the sugar of bile, 147. 

Goose. How fattened to the utmost, 94. 

Gbaminivoba. See Hebbivoba. 

Gbape-suoab. An element of respiration, 96. Is identical with 
starch sugar and diabetic sugar, 72. Its composition, 73. Its 
analysis, 297. 

Gbowth, or increase of mass, greater in graminivora than in 
camivora, 80. Depends on the blood, 40 ; and on compounds 
of proteine, 106. See Nutbition. 

Gum. An element of respiration, 96. Its composition, 73. Is 
related to sugar of milk, ib. Its analysis, 298. 

GuNDLACH. His researches on the formation of wax from honey 
by the bee, 301. 

H. 

Haib. Analysis of, 312. Its relation to proteine, 126. Ana- 
lysis of proteine from hair, 308. 

Hat. Analysis of, 299. 

Hepatic Diseases. Cause of, 23. 

Hebbivoba. Their blood derived from compounds of proteine 
in their food, 48. But they require also for their support 
non-azotised substances, 70. These last assist in the forma- 
tion of their bile, 147 et seq. They retain the phosphoric 
acid of their food to form bone and nervous matter, 80. 
Their urine contains very little phosphoric acid, 79. The 
energy of vegetative life in them is very great, 81. They be- 
come fat when stall-fed, 82. 

Hess. His analysis of wax, 307. 

Hybebnatino Animals. Their fat disappears during the win- 
ter sleep, 25. They secrete bile and urine during the same 
period, 61. 
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HiPPURic Acid. See Acid, Hippuric. 

HoBN. Analysis of, 312. Contains proteine ; its relation to 

proteine, 126. Analysis of proteine from horn, 308. 
HoBSE. Amount of carbon expired by, 14. Comparison of his 

food with his excretions, 290. Force exerted by a horse in 

mechanical motion compared to that exerted by a whale, 337. 
Hydbocyanic Acid. See Acid, Hydrocyanic, 
Hydbogen. By combining with oxygen contributes to produce 

the animal heat, 25. 

I. 

Ice. Is judiciously employed as a remedy in cerebral inflamma- 
tion, 261. 

Inobganic constituents of albumen, flbrine, and caseine, 41, 121, 
126. 

JoBST. His analysis of theine, 324. 

Jones, Dr. Bence. His analysis of vegetable fibrine, 294 ; of 
vegetable albumen, ib,; of vegetable caseine, 295; of gluten, 
ib. ; of the albumen of yolk of tg^, 308, 310 ; of the albumen 
of brain, 310. 

Ibon. Is an essential constituent of the globules of the blood, 
265 et seq. Is foimd in the fat of yolk of egg, 107. Also 
in the gastric juice of the dog, 113. Singular properties of 
its compounds, 268. 

Isomeric Bodies. 103, 280. 

K. 

Kelleb. His researches on the conversion of benzoic acid into 

hippuric acid in the human body, 325. 
Kidneys. They separate from the arterial blood the nitroge- 

nised compounds destined for excretion. 

L. 

Lactic Acid. See Acid, Lactic. 

Lavoisieb. His calculation of the amount of inspired oxygen, 
12, 283. 

Lehmann. On the presence of lactic acid in gastric juice, 112. 

LiEBiG. His analysis of sugar of milk, 298 ; of cane sugar, 
300 ; of aldehyde, 307 ; of uric acid, 318 ; of hippuric acid, 
319; of quinine, 323; of morphia, 324; of asparagine, 325; 
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His calculation of the carbon daily expired as carbonic add, 14, 

284. Table, 289. His remarks on Demar9ay's researches on 
bUe, 315—318. 

LiEBiG AND Pfaff. Their analysis of caffeine, 324. 

LiEBiG AND WoHLBB. Their analysis of alloxan, 319 ; of urea, 

ib. ; of allantoine, ih. ; of xanthic oxide, 320 ; of oxaluric acid, 

321 ; of parabanic acid, ib. 
Lbntii^s. Contain vegetable caseine, 47. Analysis of, 284, 

285. Form part of the diet of soldiers in Grermany, 287. 
Table, 289. 

Light. «Its influence on vegetable life analogous to that of heat 
on animal life, 233. 

Lime. Phosphate of. See Bones. 

LivEB. It separates from the venous blood the carbonised con- 
stituents destined for respiration, 58. Diseases of the liver, 
how produced, 23. Accumulation of fat in the liver of the 
goose, 95. 

M. 

Maize. Analysis of starch from, 297, 

Mabchand. On the amount of urea in the urine of the dog 

when fed on sugar, 61. His analysis of cholesterine, 300. 
JMabcet. His analysis of gluten, 294. 
Mabtius. His analysis of guaranine, 324. 
Mechanical Effects. See Mot.ion. 
Medicine. Definition of the objects of, 257 et seq. Action of 

medicinal agents, 170 e^ seq, 
Menzies. His calculation of the amount of inspired oxygen, 12, 

283. 
Metaldehtde. See Aldehyde. 
Metamorphosis of Tissues. 103 et seq. In other parts of 

the volume, passim. 
Milk. Is the only natural product perfectly fitted to sustain life, 

51. Contains caseine, ib. Fat (butter), ib. Sugar of milk, 

ib. Earth of bones, 52. And potash, 164. 
Morphia. Contains less nitrogen than quinine, 177. Its ana- 
lysis, 324, 
Mitschbblich. His analysis of uric acid, 318 ; of hippuric acid, 

319. 
Momentum. Of force, 202. Of motion, t&. 
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Motion. Phenomena of motion in the animal body, 196 et seq. 
Different sources of motion 199. Momentum of motion, 202. 
Motion propagated by nerves, 219. Voluntary and involun- 
tary motions accompanied by a change of form and structure 
in living parts, 220. Motion derived from change of matter, 
221 et seq. The cause of motion in the animal body is a pe- 
culiar force, 232. The sum of the effects of motion in the 
body proportional to the amount of nitrogen in the urine, 245. 

MuLBBRRY Calculus. See Calculus. 

Mulder. Discovered proteine, 105. His analysis of fibrine of 
blood, 293. Of animal caseine, 296. Of proteine, 308. Of 
fibrine, 311. Of gelatine, ib. Of chondrine, 312. 

MuscLB. See Flbsh. 

Muscular Fibrb. Its transformation depends on the amount 
of force expended in producing motion, 220. 

N. 

Nerves. Are the conductors of the vital force, and of mechani- 
cal effects, 219. Effects of the disturbance of their conducting 
power, 229. They are not the source of animal heat, 29. 

Nervous Life. Distinguished from vegetative, 38. 

Nervous Matter. Contains albumen, and fatty matter of a 
peculiar kind, 43. Vegetables cannot produce it, 50. The 
fat of yolk of eg^ probably contributes to its formation, 108. 
The phosphoric acid and phosphates, formed in the metamor- 
phosis of the tissues of the herbivora, are retained to assist in 
the formation of nervous matter, 80. The vegetable alkalies 
affect the nervous system, 182 — ^^184. . Composition of cerebric 
acid, 184. Theory of the action of the vegetable alkalies, 185. 

Nitrogen. Essential to all organised structures, 42, 43. Sub- 
stances in the body which are destitute of it not organised, 43. 
Abounds in nutritious vegetables, 45. Nutritious forms in 
which it occurs, ib. et seq. Occurs in all vegetable poisons, 
177 ; also in a few substances which are neither nutritious nor 
poisonous, but have a peculiar effect on the system, such as 
caffeine, 177 et seq. 

NiTROGENISED. ScC AzOTISED. 

NoN-AzoTiSED. Constituents of food. See Starch. 
Nutrition. Depends on the blood, 40. On Albumen, fibrine, 
or caseine, 40 et seq. Elements of nutrition, 96. Compounds 
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of proteine alone are nutritious, 106. Occurs when the vital 
force is more powerful than the opposing chemical forces, 198. 
Theory of it, 210. Is almost unlimited in plants from the ab- 
sence of nerves, 212. Depends on the momentum of force 
in each part, 227. Depends also on heat, 243. 

O. 

Oats. Amount required to keep a horse in good condition, 74. 
Analysis of, 298. 

Oil of Bitter Almonds. Its composition. How related to 
benzoic acid, 279, 280. 

Old Agb. Characteristics of, 248 et seq. 

Ofpebmanv. His analysis of wax, 307. 

Organs. The food of animals always consists of parts of organs, 
2. All organs in the body contain nitrogen, 42, 43. There 
must exist organs for the production of nervous matter, 189 ; 
and the vegetable alkalies may be viewed as food for these 
organs, ib. 

Organised Tissues. All contain nitrogen, 42, 43. All such as 
are destined for effecting the change of matter are full of small 
vessels, 223. Their composition, 126. The gelatinous and 
cellular tissues, and the uterus, not being destined for that 
purpose, are differently constructed, 224. Waste of organised 
tissues rapid in camivora, 76. 

Origin. Of animal heat, 17, 31. Of fat, 81 et seq. Of the 
nitrogen exhaled from the lungs, 114 et seq. Of gelatine, 127 
et seq,, 143. Of uric acid and urea, 135 et seq. Of bile, 135, 
143, 146 et seq., 159. Of hippuric acid, 150, 325. Of the 
chief secretions and excretions, 152. Of the soda of the bile, 
161 ^^ seq. Of the nitrogen in bile, 168. Of nervous matter, 
183 et seq. 

Ortigosa. His analysis of starch, 297. 

Oxalic Acid. A product, along with urea, of the partial oxida- 
tion of uric acid, occurring in the form of mulberry calculus, 
137. Its analysis, 321. 

Oxygen. Amount consumed by man daily, 12, 283. Amount 
consumed daily in oxidising carbon by the horse and cow, 14. 
The absorption of oxygen characterizes animal life, 2. The 
action of oxygen is the cause of death in starvation and in 
chronic diseases, 25 — 28. The amount of oxygen inspired 
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varies with the temperature, dryness, and density of the air, 
16. Is carried by arterial blood to all parts of the body, 171. 
Fat differs from sugar and starch only in the amount of oxy- 
gen, 84. It also contains less oxygen than albumen, fibrine, 
&c., 86. The formation of fat depends on a deficiency of oxy- 
gen, 88 et seq. ; and helps to supply this deficiency, 89. Oxy- 
gen essential to digestion, 113. Relation of oxygen to some 
of the tissues formed from proteine, 126. Oxygen and water, 
added to blood or to flesh, yield the elements of bile and of 
urine, 135. Action of oxygen on uric acid, 136, 139 ; on 
hippuric acid, 82, 139 ; on blood, 140 ; on proteine, with uric 
acid, 151 ; on proteine and starch, with water, 152 ; on cho- 
leic acid, 154 ; on proteine, with water, 154. By depriving 
starch of oxygen and water, choloidic acid may be formed, 157. 
Oxygen is essential to the change of matter, 173. Its action 
on the azotised constituents of plants when separated, 213. 
Its action on the musciilar fibre essential to the production of 
force, 220 — 226. Oxygen is absorbed by hybemating animals, 
241. Is the cause of the waste of matter, 243 ; and of animal 
heat, 244, 252. Blood-letting acts by diminishing the amount 
of oxygen which acts on the body, 258. Its absorption is the 
cause of the change of colour from venous to arterial blood, 
265. The globules probably contain oxide of iron, protox- 
ide in venous blood, peroxide in arterial, 267 et seq. All 
parts of the arterial blood contain oxygen, 173, 174, 266, 

271. 

P. 

Pears. Analysis of starch from unripe, 297. 

Peas. Form part of the diet of soldiers in Germany, 287, 289. 

Abound in vegetable caseine« 47. Analysis of peas, 285 ; of 

starch from peas, 296. 
Pbfys and Allen. Their calculation of the amount of inspired 

oxygen, 283. 
Peroxide of Iron. Probably exists in arterial blood, 267 et seq. 
Pfluger. His analysis of the gas obtained by puncture from the 

abdomen of cattle after excess in green food, 309. 
Phenomena of motion in the animal body, 195 et seq. 
Phosphates. See Bones. 
Phosphoric Acid. See Acid, Phosphoric. 
Phosphorus. Exists in albumen and fibrine, 41, 48, 126. It is 
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not known in what form, 121 et seq. Is an essential constitu< 
ent of nervous matter, 184, 190. 

Phosphubettbd Htdbooen. Occurs among the products of the 
putrefaction of fishes, 190, 191. 

PiCBOTOxiNE. Contains nitrogen, 177 (fio^«). Its analysis, 323. 

Plants. Distinguished from animals by fixing carbon and giving 
out oxygen, 2, 213 ; by the want of nerves and of locomotive 
powers, 3. Their capacity of growth almost unlimited, 212. 
Cause of death in plants, 214. 

Platfaib, Db. L. His formula for blood, 113. His analysis of 
faeces, of peas, of lentils, of beans, 285 ; of flesh and of blood, 
314 ; of roasted flesh, 322. 

Poisons, Vegetable. Always contain nitrogen, 1 76 et seq. Dif- 
ferent kinds of poisons, 170. Theory of the action of Prussic 
add and sulphuretted hydrogen, 274. 

PoLYMEBic Bodies, 103. 

Potash. Essential to the production of caseine or milk, 164. 

Potatoes. Amount of carbon in, 287. They form part of the 
diet of soldiers in Germany, ib. Analysis of, 285 ; of starch 
from, 297 ; of solanine from the buds of germinating potatoes, 
323. 

Pbevost and Dumas. On the fi:equency of the pulse and respi- 
rations, 292. 

Pboductb. Of the metamorphosis of tissues found in the bile 
and urine, 132. Of the action of muriatic acid on bile, 133. 
Of the action of potash on bile, 1 34. Of the action of water 
and oxygen on blood or fibre, 136. Of the oxidation of uric 
acid, 137. Of the oxidation of blood, 140. Of the action of 
water on proteine, 141. Of the action of urea on lactic and 
benzoic acids, 150. Of oxygen and uric acid on proteine, 151. 
Of oxygen on starch and hippuric acid, 152. Of oxygen and 
water on proteine and starch, 153. Of oxygen and water on 
proteine when soda is absent, 154. Of the separation of oxy- 
gen from starch, 157. Of the action of water on urea, 159. 
Of the action of water and oxygen on caffeine or theine, aspa- 
ragine, and theobromine, 180. 

Pboteine. Discovered by Mulder, 105. Its composition, ib. 
Produced alone by vegetables, 106. Is the source of all the 
organic azotised constituents of the body, 107. Its formula, 
121. Its relation to fibrine, albumen, caseine, and aU the 
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animal tissues, 126. Gelatine no longer 3rielcls it, although 
formed from it, 129. Its relation to bile and urine, 136. Its 
relation to allantoine and choloidic acid, 141 ; to gelatine, 142; 
to hippuric acid, 151 ; to the chief secretions and excretions, 
152, 153; to fat, 154. Analysis ofproteine from the crys- 
talline lens, from albumen, from fibrine, from hair, from horn, 
from vegetable albumen and fibrine, from cheese, 308. 

Prout. His analysis of starch, 297 ; of grape sugar- from honey, 
ib, ; of sugar of milk, 298 ; of cane sugar, 300 ; of urea, 319. 
His discovery of free muriatic acid in the gastric juice, 112. 
On the effect of fat food on the urine, 139. 

Pbussic Acid. See Acid, Hydrocyanic. 

PuLMONAEY DiSEASBs. Aiisc from cxccss of oxygcu, 23. Pre- 
vail in winter, 24. 

Pulse. Its frequency in different animals, 292. 

Putrefaction. Is a process of transformation, 109. Membranes 
very liable to it, 110. Effects of the putrefaction of green food 
in the stomach of animals, 115. Is analogous to digestion, 
119. Putrefying animal matters cause the fermentation of 
sugar, 120. Is checked by empyreumatics, 121, 170. 

Q. 
Quinine. Contains nitrogen, 177. Its analysis, 323. 

R. 

Regnault. His analysis of morphia, 324. 

Reproduction op Tissues. See Nutrition. 

Reproduction of the Species, 39. 

Rhenish Wines. Contain so mudi tartar, that their use pre- 
vents the formation of uiic acid calculus, 139. 

Respiration. Theory of, 265 et seq. Its connection with the 
food and with the animal heat, 12 et seq. 

S. 

Salt, Common. Essential to the formation of bile in the her- 
bivora, and to that of gastric juice, 161 e^ seq. 

Saussure, De. His analysis of grape sugar and of starch sugar, 
297 ; of wax, 307. 

Scherer, Dr. Jos. His analysis of albumen from serum of blood, 
293 ; of fibrine of blood, ib, ; of vegetable fibrine, 294 ; of ve- 
getable caseine, 295 ; of animal caseine, ib. ; of proteine from 
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different sources, 308 ; of albumen from white of egg, ih.; of 
albumen from different sources, 310 ; of fibrine, 311 ; of gela- 
tine from different sources, ih.; of tissues containing chondrine, 
312 ; of the tunica media of arteries, ih, ; of homy tissues, ih.; 
of the lining membrane of the egg, 313 ; of feathers, ih,; of the 
pigmentum nigrum oculi, ih. Results of his researches, 125, 
126. 

Secretions. See Bile and Urine. 

Seouin. His calculation of the amount of inspired oxygen, 283. 

Serpents. Their excrements consist of urate of ammonia, 54. 
The process of digestion in them, 53. 

Sleep, Theory of, 228. Amount of sleep necessary for the 
adult, the infant, and the old man, 247 et seq. Induced by 
alcohol or wine, 240. 

Soda. Essential to blood and bile, and derived from common 
salt, 161 e/ seq. 

Sodium, Chloride of. See Salt. 

SoLANiNB. Contains nitrogen, 177. Its analysis, 323. 

Starch. Exists in the food of the herbivora, 70. Is convertible 
into sugar, 70, 71. Its relation to gum and sugar, 73. Its 
function in food, 74 et seq. Amount of carbon in starch com- 
pared with that in flesh, 76^ 77. Its composition compared 
with that of fat, 84, 90. Is the source of diabetic sugar, 95. 
Is an element of respiration, 96. Dissolved by diastase. 111. 
Its relation to choleic acid, 152. Its relation to the principal 
secretions and excretions, 153 ; to choloidic acid, 157 ; to bile, 
158, 162, 164, 166. Its analysis from fifteen different plants, 
297. 

Starvation. Process of, 25. Cause of death in, 27. 

Strecker. His analysis of starch from 12 different plants, 297. 

Sugar. Analysis of grape-sugar, 597 ; of sugar of milk, 298 ; 
of cane-sugar, 300. Is an element of respiration, 96. 

Sulphur, Exists in albumen, fibrine, and caseine, 41, 126. 

Sulphuretted Hydrogen. Theory of its poisonous action, 
274. 

Sulphuric Acid. See Acid, Sulphuric, 

Supply of matter. See Nutrition. 

Supply and Waste. Equilibrium between them constitutes the 
abstract state of health, 254, 255. Effects of its disturbance, 
ih, et seq. Means for restoring the equilibrium, 248, 257 et 
seq. 
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T. 

Tables of the food consumed by soldiers in Grermany, 289. Of 
the food and excretions of the horse and cow, 290, 291. 

Taurine. How produced from bile, 133. Its relation to cho- 
leic acid, 135. Its relation to uric acid and urea, and to allan- 
toine, 155 ; to uric acid 156 ; to alloxan, ib, ; to choloidic and * 
choleic acids, and ammonia, 158; to caffeine or theine, 180; 
to asparagine, ib. ; to theobromine, ib., 181. 

Temperature. Its effects on the amount of inspired oxygen, 16, 
and on the appetite, 11 et seq. A slight depression of tem- 
perature causes death in aged people, 255. Temperature of 
the blood in different animals, 292. Temperature of the body 
constantly kept up by internal causes, 19 — 22. 

Tendons. Analysis of, 311. 

Thaulow. His analysis of cystic oxide, 820. 

Theine. Identical with caffeine, 179. And with guaranine, 
324. Theory of its action, 181 et seq. Its relation to bile, 
180. Its analysis, 324. 

Theobromine. Analogous to theine, 179. Theory of its action, 
181 (^ seq. Its relation to bile, 180, 181. Its analysis, 324. 

Theory. Of animal heat, 17 et seq. Of digestion, 108 et seq. 
Of respiration, 265 et seq. Of the motions in the animal or- 
ganism, 195 et seq. Of disease, 254 et seq. Of the action of 
caffeine, &c., 181 et seq. Of the action of the vegetable alka- 
lies, 182 et seq. Of health, 254, 255. 

Tiedemann and Gmelin. Their attempt to support a goose upon 
albumen alone, unsuccessful, 106. 

Tissues, Metamorphosis of : see Metamorphosis. Ana- 
lysis of the animal tissues, 310, 313. Formulae of, 126. 

Tobacco. Arrests or retards the change of matter, 179. 

Transformation. See Metamorphosis. 

Turnips. Juice of, contains vegetable fibrine and albumen, 45, 

46. 

U. 

Urea. Derived from uric acid, 137, 140. Also from the oxi- 
dation of blood, 140; from allantoine, 141. Its relation to 
choleic acid, 148; to hippuric acid, 150; to proteine, 151 ; 
to proteine and starch, 153 ; to proteine and &t, 154 ; to 
taurine, 155, 156 ; to carbonate of ammonia, 159 ; to theobro- 
mine, 180. Its analysis, 319. Occurs in the urine of those 
who have taken benzoic acid along with hippuric acid, 327. 

2 A 
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Urinary Calculi. See Calculus. 
Uric Acid. See Acid, Uric. 

V. 

VARRBin'RAPP and Will, Their analysis of vegetable albumen, 
294. Of sulphate of potash and caseine, 295. 

Vbgbtables. Alone produce compounds of proteine, 106. 
Azotised constituents of, nutritious, 45 ; medicinal or poison- 
ous, 176. Analysis of those vegetables which are used for 
food, 285 et seq. 

Vbobtativb Lifb. Distinguished ft-om nervous life, 38. Pre- 
dominates in the early stages of life, ib» Also in the female, 
39. 

Vbnous Blood. See Blood. 

Vital Forcb, or vitality. Definition of, 1 et 'seq. Theory of, 
195 et seq. 

VooBL. His analysis of gas from the abdomen of cattle after 
excess in green food, 309. 

W. 

Water. Is one of the two constituents of the body which con- 
tain no nitrogen, 43. Its use as a solvent, ib. Contributes 
to the greater part of the transformations in the body, 136, 
140, 141, 142, 148, 153, 154, 155, 156, 157, 159, 180, 181. 

Wax. On its production from honey by the bee, 301—306. Its 
analysis, 307. 

Whbat. Contains vegetable fibrine, 46. Analysis of fibrine, 
albumen, and gluten, from wheat, 294. 

Will and Ettlino. Their analysis of lithofellic acid, 322. 

Wine. The wines of the south promote the formation of calcu- 
lus, 139. But not Rhenish wines, ib. Theory of its action, 
239, 240. 

WosKRESENSKf. His Riudysis of theobromine, 324. 

Y. 
Yams. Analysis of starch from, 297. 
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FROM THS PRRFACS. 

Then is no want of German Grammars in English. 
By far the greater number of tiiem have been written by 
young men who have come over to Eng^d for the pur- 

Sose of gaining their livelihood by teaching their native 
inguage ; and to convince the public that wey were well 
prepared for the task they undertook, they published 
their grammars at the very outset of their career. This 
certainly, in some respects, is not a bad vray of intro- 
ducing oneself to the notice of the public; for he who 
composes a gianunar is sometimes, at least, obliged to 
look at the peculiarities of Uie language. But for vrant of 
practical experience in teaching, these grammarians did 
not commonly succeed in explaining these peculiarities in 
a way easily to be understood and to be applied. Their 
books, therefore, are very defldent in some matters of 
importance. 

My Grammar diifers materially from those of my pre- 
decessors. I wish it to be considered as the work of a 
man who for a great length of time has served the public 
in his line, and at the close of his services thinlcs it proper 
to give an account of the manner in which he has per- 
formed the task he has engaged in by his own choice. I 
have been a teacher of the language for thirty years, and, 
of course, have had frequent opportunities of comparing 
the two kmguages— that which I taught, and that in which 
I conveyed my instructions. The most important results 
of my expexienoe are laid before the pnhlie in this 
Grammar. 



THE ENGLISH LANGUAGR 

ByR. G. Latham. A.M., Fellow of King's CoU^^e. Cam- 
bridge, Professor of the English Language and Litera- 
ture, University College, London. 1vol. 8vo,]SI#. doth. 

*' It is, in truth, a most learned and laborious inquiry 
into some of the more abstruse points in general Grammar, 
and in that of the EngUsh language in particular, com- 
mencing with its historical descent and connexions, and 
including the causes of many of its peculiarities of struc- 
ture and condition. By the word Gnunmar, in ordinary 
parlance, is understood a collection of rules ; indiereasthe 
work before us, so far as it has attained to the character 
of a wdl-ordered design, is a repertory of the reasons 
whidi are at the bottom of rules." 

*' The book opens with an elaborate display of ths 
origines of the English tongue, of the various langua^ 
which have contributed their portion to its formatioa. 
The second part enters into an mvestigation of * soundt, 
letters, pronunciation, and spelling.' Hie third treats of 
Etymology in its connexion with what are frunQlariy 
termed the accidents of the language ; and it contains a 
vast assemblage of facts, fonukig the * scantlings* of a 
true and luminous theory of their origin and caosatioD. 
Parts IV. and V. discuss the suhieets of Byntax and 
Prosody."— ^(A«n«Ufn, Feb. 6, 184S. 



WORKS PRINTED FOR TAYLOR AND WALTON. 



RECENTLY PUBLISHED. 



ELEMENTS OF BOTANY, 

Structoral, Physiological, Svstbmatical, and Medi- 
cal. Being a Fourth Edition of the First Principles of 
Botany. By John Lindlkv, Ph. D., F.R.S., Pro- 
fessor of Botany in University College, London. Illus- 
trated by many Hundred Figures on Wood. One vol. 

8vo, 10*. 6d. 

*• The skill ofthe wood-engraver has enabled the author 
to fill his pages with Illustrations, explanatory not only 
of the technical terms employed in Botany, but also of 
the natuzal orders of plants. An analysis of the latter 
upon the plan of Lamarck ; an account of De CandoUe's 
celebrated system of arrangement, into which a large 
number of woodcuts are introduced, and some new views, 
relating to natural classification, are added to the matter 
to be found in previous editions ; besides which, the whole 
of the Structural and Physiological part has been cor- 
rected with great care, and made to include all the most 
important views of modem physiologists, so as to present 
the reader with a view of the state of botanical knowledge 
in these departments, in the spring of 1841."— Pr<s/l«;«. 

CHINA; 

Its Symboi^, Philosophv, Antiquitibs, Customs, Supkr- 
snnoNS, LAW8, Qovkrnmbnt, Education, and Litbra- 
TURB. By Samubl Kidd, Professor of the Chinese 
Language and Literature in University Collie, London. 
One voL 8vo, with a Portrait of the present Emperor, 
and other Illustrations. I2s. 

** The very curious and varied information comprised 
in this volume, drawn chiefly firom native sources, will 
at the present moment be more especially interesting, as 
throwing light upon the character ofthe rulers and people 
with whom Great Britain is now engaged in mortal con- 
flict."— Patriot, Sept. 16, 1841. 

THE STEAM-ENGINE 

Explained and Illustrated; with an Account of its 
Invention and Progressive Improvement (including a 
Life of Watt), and its Application to Navigation and 
Railways. By Dionysius Lardnbr, D.C.L. Seventh 
Edition, 1 vol. 8vo, illuRtrated with very numerous 
Engravings on Wood. 12«. cloth. 

NATURAL PHILOSOPHY FOR 
BEGINNERS. 

Being familiar Illustrations of the Laws of Motion and 
Mechanics, intended as a Text Book for Schools and 
Belf-instruction, as a Companion to the Lecture Room, 
or for Model Schools. Illustrated with 143 Engravings 
on Wood. Fcap. 8vo, 3». 6d. 

** The treatise before us is a very good dass-book for 
teaching the Elements of Mechanics so far as they are 
independent of Mathematics. Now ' to know a matter,* 
and * to know about a matter,' are two veiy different 
things ; the present treatise is well adapted to those who 
are ambitious of the former ; there are countless * Con- 
▼ersations,' * Recreations,' * Dialogues,* &c., for those 
who will be satisfied with the latter."— ^tAeikcum, July 
10, 1841. 

A NUMISMATIC MANUAL; 

Or Guide to the Collection and Study of Greek, Roman, 
and English Coins. By John Yonob Akbrman, F.S.A. 
Illustrated by Engravings of many hundred Types, by 
means of which even imperfect and obliterated pieces 
may be eatily deciphered. 1 vol. dvo, 21#. 

** We have long looked for a work on Numismatics 
which might give so much information as eveiy well-edu* 
cated man otight to possess, be free from vulgar errors, 
and at the same tune be within the reach of the general 
reader. Just such a work has Mr. Akerman given us." — 
Church o/Etigland Quarterly Review t Oct. 1840. 

NUMISMATIC CHRONICLE. 

Conducted by J. Y. Akbrman, Esq., F.S.A. J to 16, 
(eachar. 6d.) Continued Quarterly. 



TWELVE PLANISPHERES, 

Forming a Guide to the Stars for every Night in th* 
Year. With an Introduction. Sro, 6f . GcL doth. 

THE FORMATIVE 
GREEK GRAMMAR. 

By G. K. GiLLBSPiB, A.M., of Trinity College, DubUn. 
12mo, 3s. 6d. 

NIEBUHR'S HISTORY OF ROME. 

Translated by Bishop TmnLWAUj and Archdeacon 
Harb. Vol. L Third Edition, revised. 8vo, with a 
Map, 16*. Vol. n. Third Edition, 8vo, 16*. 

*' Here we close our remarks upon this memorabid 
work ; a work which, of all that have appeared in our 
age, is the best fitted to excite men of learning to intel- 
lectual activity; firom which the most accomplished 
scholar may gather fresh stores of knowledge ; to which 
the most experienced politician may resort for theoretical 
and practical instruction ; and which no person can read 
as it ought to be read, without feeling the better and 
more generous sentiments of his common human nature 
enlivened and stnnf^htned.*'— Edinburgh Review, Jan. 
1833. 

*^* Volume 3, translated by William Smith, Ph.D., 
and Lronhard Sghmitz, Ph. D., containing a copious 
Index to the Three Volumes, is preparing. 

THE POETICAL WORKS OF 
JOHN KEATS. 

In 1 vol. Fcap., with a Portrait from a Drawing by Hil- 
ton, price 6«. cloth. 

** Keats was, no doubt, a poet of very uncommon pro- 
mise. He had all the wealth of genius within him, but 
he had not learned, before he was killed by criticism, the 
received, and therefore the best, manner of producing it 
for the eye of the world. Had he lived longer, the 
strength and richness which break continually through 
the affected style of * Endymion' and * Lamia,' and his 
other poems, must have formed themselves into some 
noble monuments of his powers. As it is, there is not a 
poet living who could surpass the material of * Endymion/ 
a poem, with all its faults, far more full of beauties."— 
Willi*'* PenciUing* by the Way. 



Smiti ant( 3otirnaI)e(. 



THE LITERARY DIARY, 

Or CoMPLBTE CoMMON-PLACs BooK. With an Expla- 
nation, and an Alphabet of Two Letters on a Leaf. 
Post 4to, ruled throughout, and half-bound, price 12«. 

A POCKET COMMON-PLACE 

BOOK, 

With LocKx's Index. Post 8vo, half-bound, 8*. 6d. 

THE STUDENTS JOURNAL. 

Arranged, Printed, and Ruled, for receiving an account 
of every day's employment for the space of one year. 
With an Index and Appendix. Post 8vo, half-bound, 
i*.6d. 

THE PRIVATE DIARY. 

Formed on the PLm of " The Student's Journal," for 
general use. Post 8vo, half-bound, 4#. W. 



WORKS PRINTED FOR TAYLOR AND WALTON. 



MEDICAL AND SCIENTIFIC BOOKS. 



COMPLETION OF MULLER'S PHYSIOLOGY. 

In Two Volumet 9»o, each volume U. 

MULLER'S ELEMENTS OF 
PHYSIOLOGY. 

TranslAted from the Gtennaxi, with Notes, by W. Balv, 
M.D. niustratcd by Steel Pl»te», and very numerous 
EngrttvlngB on Wood* 

" We do, however, recommend It TBiy strongly , and 
we have no hesitation in saying that it will supersede au 
other works as a Text Book tor Lectures, and one of 
xeferenoe for students. It steers a middle course between 
the superficial brevity of many of our niodffl^^£J»» ™ 
the pleonastic and metaphysical jargon of Burdach. — 
Med. Chir. Beview, April 1838. 



▼. 



n. 

TURNER'S ELEMENTS OF 
CHEMISTRY. 

Seventh Edition. Edited by Dr. Juaros Lisbio and 
0r. William GanooBV. 1 thick volume 8vo, including 
tke O&y Adds, 1^ 5e. 

*4e* A Second Supplement, completing the Work, 
will be ready very shortly. 

m. 

DEMONSTRATIONS OF 
ANATOMY ; 

Being a Goma to thb Disskctiok of thb Humah Body. 
By GaoRon Vinkr Ellis, one of the Demonstrators of 
Anatomy in University College. 1 ToL crown 8vo, 7«> 

pages, ]S#. 

«• We think Mr. Ellis's * Demonstrations* are In evwv 
way fitted for ttie purpose for which they are intended, 
and we therefore strongly recommend the work to the 
notice of every member of the profession. We «« con- 
vinced that it will quickly become the ««?«'SJf5j-^; 
of every working student in anatomy."- Bnt«« and 
Foreign Medical Review, January 1841. 

rv. 

THE ANATOMY OF THE 
ARTERIES ; 

with its Applications to Pathology and Operative 
Surgery. In Lithographic Drawings, the size of and 
Drawn from Nature, with Practical Commentaries. 
By Richard Quain, Professor of Anatomy in University 
CoUege, and Surgeon to University College Hospital. 

**♦ Parts I. to VII., forming Vol. I. (if the Work be 
bound In 2 volumes), may now be had, the Plates being 
folded into half tbclr full size, either half-bound mo- 
rocco with IndU rubber backs, or bound in cloth, with 
the Plates mounted on linen guards, price N. fi#. 

Parts L to XH. (each containing Five Plates and 
Letter-press, price 12*. each Part,) are published. 

The Work will be comprised in about Fourteen 
Monthly Parts, Imperial Folio, and an Octavo Volime 
of Lett«-pres«. Each Part, with the Letter-press, 12#. 

«« In conclusion, we venture to predirt, that the accu- 
racy, the originality . the sterling practical usefulnMS, and, 
S^pwativ^peiking. the moderate price of this b«iu. 
Sul work, ^^ooT^e it n^ only in^eywy pubUc 
SSical Mbrary to the United Kingdom but itr^t of 
every professional man who feels deeply interested fa 
the progres* of anatomical science, or in the f^^ 
ftud periiction of operative surgery."— 3fedtorf GageUe, 
Jan. 9, 1841. 



QUAIN'S ELEMENTS OF 
ANATOMY. 

Foortti Edition, niustrated by 140 BngravlngB on 
Wood, and 4 Steel Plates. 1 thick toL Sto, 1^. S#. 



VI. 

DAVIS'S ELEMENTS 
OF OBSTETRIC MEDICINE. 

Illustrated Edition. 1 vol. 8vo. With a 4to volume 
of 70 Plates. Price together, 1/. fir. 

"We do not, therefore, hesitate io aay that It is a 
work which ought to be found on the taUe of every 
teadier and medical practitioner."— JETdin. Medical and 
Surgical Magazine, Jan. 1842. 



vn. 

THE SURGICAL ANATOMY 

OF THE PRINCIPAL REGIONS OF THE HUMAN 

BODY. 

By Thomas Mortok, Assistant Surgeon at UnlTersIty 
College Hospital, and one of the Demonstrators of 
Anatomy in the same University. 

I. THE PERINJEUM; with Four Lithographic 
Plates and Three Wood £iigravfag& Royal 8vo, 6f. 
plain ; and 7«. M» coloured. 

** We most cordlslly recommend Mr. Morton's txeattse 
as a satisfactory guide fa the dissection of the perinaeum 
and pelvis."—- JBHtifA and Foreign Medical Review, July 
1839, p. 244. 

n. THE GROIN, THE FEMORAL AND POP- 
LITEAL REGIONS. Eight Lithographic Plates and 
Eleven Wood Engravings. Royal 8vo, 13«. coloured ; 
9f. plain. 

in. INGUINAL HERNIiE, THE TESTIS, AND 
ITS COVERINGS. Five Plates and Eleven Wood 
Engravings. Royal 8to, 12*. cdoared, 9». plain. 



vm. 

A SERIES OF ANATOMICAL 
PLATES, 

In Lithography, with References and Phydologlcal 
Comments. Edited by Jonbs Quain, M.D., and W. J. 
Erasmus Wilson, Lecturer on Anatomy and Physiology 
at the Middlesex Hospital. Complete fa S toIs. royal 
folio, half-bound morocco, gilt tops, price 122. plafa ; 
20/. coloured. 

The Work contiett o/tke following JHvieione.-^ 

THE MUSCLES, fil Plates. SL 16r. plain; SI. 5$. 
full coloured. 

THE VESSELS. 50 Plates. 22. 14#. plain; 31. 18r. 
with the Vessds coloured. 

THE NERYES. 38 Plates. 22. 4«. plafa; 42. 8«. full 
coloured. 

THE VISCERA— todudfag the Organs of Diexa^ 

TION, RBSPIRATION, SXCRBTION, and ExCRBTKMf. 32 

Pfates. Price 12. I8s. plafa ; 32. 10#. coloured. 

THE BONES AND LIGAMENTS. SO Platas. 
22. plafa ; 22. Ifif . coloured. 

\* Any Volume mag be purekeued tesparatelf. 



WORKS PRINTED FOR TAYLOR AND WALTON. 



GENERAL EDUCATION. 



EVENING READINGS FOR DAY 
SCHOLARS. 

By Mrs. Hippislrt TncKnsLD. 
Part L^-Sklkctions from the Biblx and Apocrypha, 
Fart II^^Frovbrbb, Maxius, Ain> Awbccotss. 
1 VOL 12mo, 3s, 6d. cloth. 

The Work map also be had as follows:^ 
L ScRiPTURB Rkasinos. 12ino, sewed. If. Qd. 
In sheets for mounthig, 2«. 
As Little Horn Books. In Paper Packets^ 4#. 6d. 

II. Protkrbs, Maxims, and Awkcdotbs. 12mo, sewed. 

If. 6(2. In sheets for mounting, 2s. 
As Little Horn Books. In Paper Packets, 4*. &f . 

III. Facts in Natotul History. (In the Press.) 

In the Little Horn Books the matter is broken up 
into Short Lessons, and each Lesson is pasted on thick 
brown paper. These are intended to serve as Night 
Tasks for Day Scholars. The difficult words in each 
Lesson are carefully defined. 

LETTERS TO A CLERGYMAN 

On thb Bkst Mbans op Employing Funds por the 
Education op thb Lowbr Ordkrs. 

By Mrs. Hippisuey Ti7Cs:FixiiD. Fcap. 8vo, 2«. Qd* 

** We are unable to do more than direct attention to 
Mrs. Tuckfleld's * Letters to a Clergyman,' although they 
contain, in a small compass, matter of the deepest \m- 
jfott.**—WeitminsterMeview, No. 67. 

EDUCATION FOR THE PEOPLE. 

By Mrs. Hippislby Tuckfibld. 
Containing 
L Pastoral Teaching. IV. Instruction of the 



II. Village Teaching. 
III. The Teacher's Text- 
Book. * 



Deaf and Dumb. 
Fcp. 8to, 6s. 

THE SINGING-MASTER. 

Third Edition, revised and corrected. 8yo, Ids. 6d. 
cloth lettered ; containing— 

No. 1. First Lessons in Singing and the Notation of 

Music. Price 2f. 
No. 2. Rudiments of the Science of Harmony. Price 

If. 6d. 
No. 3. First Class Tune-Book. Price 1*. 6d. 
No. 4. Second Chiss Tune-Book. Price 2r. 6d. 
No. 6. Hymn Tune-Book. Price 2s. 6d. 

*^ Any Part may be purchased separately. 

DUTCH AND GERMAN 
SCHOOLS. 

An Account of the Present State of Education in Hol- 
land, Belgium, and the German States, with a view to 
the Practical Steps which should be taken for improv- 
ing and extending the means of Popular Instruction in 
Great Britain and Ireland. 

By W. E. HiCKSON. 9yo,2s.6d. 



ELEMENTS OF 
PERSPECTIYE DRAWING; 

Or, the Science of Delineating Real Objects. Being a 
Manual of Directions for Using a Set of Models, com- 
posing a variety of Picturesque Forms. Suitable for 
the Practice of Beginners. Designed by Augubtus 
Dbacon. Illustrated with 8 Plates, 8vo, 4s. 

* ' The use of solid forms in drawing, instead of sketches 
or prints, has been for some time prevalent in the Go- 
vernment schools of France and Germany. In the well- 
reasoned and dearly-written pamphlet before us, an 
attempt is made to increase the chances of success for that 
method in England."— ^aramin^r, Sept. 1841. 

'I'^c* The particulars cf the Models teill be found at p. 8. 



LINEAL DRAWING COPIES 

rOR THB HARLIBST INSTRUCTION ; 

Comprising 200 Subjects on 24 Sheets, mounted on IS 
pieces of thick pasteboard. By the Author of " Draw- 
ing POR Young Childrbn." In a Portfolio, 6s. 6d, 

*iii * These copies consist of Geometrical Figures and 
Forms of simple objects, with the Roman and Writing 
Alphabets in Capital and Small Letters. They are 
printed white on a black ground. They may also be 
used in teaching the Letters, in teaching Writing, and in 
giving Lessons on the Elements of Form and Geometry. 



DRAWING COPIES FOR 
ELEMENTARY INSTRUCTION. 

By the Author of *• Drawing for Young Children.** 

Set I. 12 Subjects mounted on thick pasteboard. 
Price 3s.6d.ina Portfolio. 

Set n. . . Ditto . Ditto. 

*^.* The copies are sufficiently large and bold to be 
drawn from by forty or fifty children at the same time. 



DRAWING MATERIALS. 

A Quarto Copybook of 24 leaves, common paper, 6d. 

Ditto . . Ditto . i)aper of superior 
quality, Is. 3d. 

Pencils, with very thick lead, BB. 2s. per half-dozen. 

Ditto . Ditto . F. at U. 6d. ditto. 
Drawing Chalk, 9d. per dozen sticks, in a Box. 

Port-crayons for holding the Clialk, 4d. each. 



HINTS TO MECHANICS 

ON SELF-EDUCATION AND MUTUAL 
INSTRUCTION. 

By Timothy Claxton. Fcap. 8vo, As. cloth. 

** the amusing book before us, which has all the 

ease and simplicity of De Foe, and the exemplary utility 
of Franklin. To the mechanic it offers at once an example 
and a pleasant companion in the pursuit of knowledge, 
and to the general reader it affords a deep insight into 
those labourbag classes which are the sinews of the nation." 
-^Civil Engineer an4i Architect's Jowmal, Feb. 18S9. 
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WORKS PRINTED FOR TAYLOR AND WALTON. 



SCHOOL BOOKS. 



HERODOTUS, Edited by G. Long, Esq., A.M. 
Complete, 1 vol. 12mo, 6s. 6d, 

HERODOTUS, SUMMARY OF, with Tables, 
&c 12mo, 4i. 8vo, 5s. 6d. 

HERODOTUS, INDEX TO. 12mo, 4s. 8vo, 
5f.6(l. 

PLATO. Apology of Socrates, and Crito ; "witli 
English Notes. Edited by Dr. W. Smith. ]2mo, 
4s. 6d. 



XENOPHONS ANABASia 
O. LoNO, Esq., A.M. 12mo, 5s. 



Edited by 



TACITUS. Agricola, Germania, and Annals, 
Book L With English Notes. 12mo, 5s. 

CROMBIE'S ETYMOLOGY and SYNTAX of 
the English Language. 8vo, 7s. 6d. 

HODGSON'S (Provost of Eton) MYTHOLOGY, 
for Latin Versification. 12mo, 3f. 

HODGSON'S (Provost of Eton) SACRED 
HISTORY, for Latin Terslfication. 12mo, 
3s. 6d. 

HODGSON'S (Provo8t of Eton^ SACRED 
LYRICS, for Latin Versification. 12mo, 6s. 6d. 

GREEK TESTAMENT, from Griksbach's Text. 
Fcap. 8vo. 6s, 

ALLEN'S NEW GREEK DELECTUS. 
I2m0f 4s. 

ALLEN'S NEW LATIN DELECTUS. 
12mo, 4s, 

ALLEN'S CONSTRUCTIVE GREEK EXER- 
CISES. ]2mo, 4s. 6d. 

NEW LATIN READING BOOK; Short Sen- 
tences, Easy Narrations, and Descriptions, from 
Caesar's Gallic War, in a Systematic Progression ; 
with a DfCTioNARv. 12mo, 3s. 6d. 

SMITH'S LATIN EXERCISES for Brginnrrs. 
12mo, 5s. 6d. 

C^SAR for Beginners. 12roo, 3«. 6d, 

LONDON LATIN GRAMMAR. 12mo, 2*. 6d. 

LONDON GREEK GRAMMAR. 12roo,3*. 6rf. 

GILLESPIE'S FORMATIVE GREEK GRAM- 
MAR. 12mo, 3s. 6d. 

CHEAM LATIN GRAMMAR. 12mo, 2*. 6rf. 

EXTRACTS from CiESAR'S GALLIC WAR, 
connected hy a brief Narrative, in English. 
ISmo, 2s. 6d. 



NATURAL PHILOSOPHY for Beginners: 
Familiar Illustrations of the Laws of Motion 
and Mechanics. Fcap. 8vo, with 143 Engravings 
on Wood. 3f . 6d. 

LOGARITHMS (Tables op) COMMON and 
TRIGONOMETRICAL, to Five Places. Fcap. 
8vo, sewed, 3s. 



LOGARITHMS (Four Figures) and ANTI- 
LOGARITHMS, on a Card. Price U. 



BARLOW (P.)--TABLES of the SQUARES, 
CUBES, SQUARE ROOTS, CUBE ROOTS, and 
Reciprocals of all Numbers, from 1 to 10,000. 
Re-examined. Royal 12mo, 8s. 



DE MORGAN (Professor)— ARITHMETIC. 
Fourth Edition, Royal 12mo, 4s, 



DE MORGAN'S ALGEBRA. Second Edition. 
Royal 12mo, 9#. 

DE MORGAN'S TRIGONOMETRY. Royal 
12mo, 9s. 

DE MORGAN'S FIRST NOTIONS of LOGIC. 
Royal 12mo, Is. 6d. 

RITCHIE (Rev. Dr.) PRINCIPLES of GEO- 
METRY, familiarly iUustrated and applied. 
12mo, 3s. 6d. 



REINER (CHARLES) LESSONS on FORM. 
lSmo,6f. 

REINER (CHAS.) LESSONS on NUMBER, 
In Two Parts:— 

Part I. Tbb Master's MANnAt.. ISmo, 4*. 6d. 

n. Thb Schoxjir'8 Praxis. 12mo, 2s» 

LARDNER (Dr.) EUCLID, with Commbntart, 
and Geombtrical Exercises. Sixth Edition. 
8vo,7*. 

WITTICH'S GERMAN GRAMMAR. l2mo, 
6s. 6d. 

WITTICH'S GERMAN FOR BEGINNERS. 

12mo. Second Edition, much enlarged, 6s. 

GERMAN WRITING COPIES. Price 6d. 

HALL'S PRINCIPAL ROOTS OF THE 
LATIN LANGUAGE. Fourth Editioai. ISmo, 
4s. 6d. 

THE FIRST SIX BOOKS OF VIRGIL'S 
^NEID. With an Interpaged Tranalatlon, line 
for line, and numerous Notes. Second Edition. 
ISmo, 6s. 6d. oloth. 



WORKS PRINTED FOR TAYLOR AND WALTON. 



SCHOOL BOOKS— con^nucd. 



WIGGER'S LIFE OF SOCRATES. 12mo, 
3i. 6d. 

THE FIRST SIX BOOKS OF HOMER'S 
ILIAD, with an Interi>a(red Translation, line for 
line, and numerous Notes. 12mo, 6t. 6d, doth. 

CESAR'S HELVETIC WAR. In Latin and 
English, Interlinear, with the original Text at the 
end. 12mo, 2s. cloth. 

TAYLER'S INTRODUCTION TO THE ART 
OF COMPOSma greek iambics. ISmo, U.6(L 

THE PROMETHEUS AND PERS^ OF 
JESCHYLUS. From the Text of yiKLLAvmn. 
Fcai>. 8vo, U. 6d. each, sewed. 

HARDY'S ANABASIS OF CYRUS. Book I. 
Chapters 1 to 6. With a Literal and Interlinear 
Translation of the First Chapter, and a Lexicon to 
the whole. 12mo, 3t. 6d, 

HURWITZ'S HEBREW GRAMMAR. Third 
Edition, revised and enlarged. 8vo, 17'* oloth. 

GREENFIELD'S BOOK OF GENESIS, in 
English Hebrew ; accompanied by an Interlinear 
Translation. Third Edition. 8vo, price 8«. ; or with 
the original Text in Hebrew characters, 10«. 6d. 



PANIZZr'S EXTRACTS FROM ITALIAN 
PROSE WRITERS. 12mo, IQff. 6d, 

PANIZZrS ELEMENTARY ITALIAN 
GRAMMAR. Second Edition. 12n}0, 3f. 



MERLET'S (Professor) FRENCH GRAMMAR. 
New Edition. 12mo. fit. 6d. bounds— A KEY to 
Ditto. 3f. 6d. 



MERLET'S TRADUCTEUR. Selections from 
the best French Writers. New Edition. 12mo, 
fit. 6d. bound. 

MERLET S PETIT TABLEAU LITTERAIRE 
DE LA FRANCE. A Sequel to ** Le Traducteur." 
12mo, 6i. bound. 

MERLET'S DICTIONARY OF DIFFICUL- 
TIES; or, Appcndix to thb Frckch Gbamicab. 
A new Edition. 12mo, 4#. bound. 

WOOD'S GRAMMAR OF ELOCUTION. 
12mo, 3f. 64. 



SntorKn^anr ^xwxeXatUtnti. 



FOR SCHOOLS, PRIVATE STUDENTS, AND PEBSONS 
WISHING TO RECOVER THEIR KNOWLEDGE OF 
LATIN AND GREEK. 

LOCKE'S SYSTEM 
OF CLASSICAL INSTRUCTION, 

Restoring the Method of Teaching formerly practised 
in all Public Sohoola — ^The Series consists of the fol- 
lowing Interlinear Translations ; with the original Text, 
in which the quantity of the doubtful Vowels is de- 
noted ; critical and explanatory Notes, &c. &c. 

* * We do amiss to spend seven or eight years in scraping 
together so much miserable Latin and Greek, as may be 
learned otherwise, easily and delightfully, in one year."— 

MlXiTON. 

*itt* By means of these Works, that excellent System 
of Tuition is effectually restored which was established 
by Dean Colet, Erasmus, and Lily, at the foundation of 
St. Paul's School, and was then enjoined by Authority 
of the State, to be adopted in all other Public Semi- 
naries of Learning throughout the kingdom. Each 
volume, 2t, 6(L 

LATIN. 

1. Pelsdrus'b Fablbs of JBsop. 

2. Ovid's Mbtamorpbosks. Book I. 

3. Virgil's ^nkid. Book L 

4. Parsing Lbssons to Viroil. 

5. Cjbsar's Invasion op Britain. 

0. Tacitus's Lifb of Aoricoia. Part L 



Locke's Ststeh — continued, 

GREEK. 

1. Lccian's DiAiiOouBs. Selections. 

2. Thb Odes of Anacrbon. 

3. HoMBR's Iliad. Book L 

4. Parsing Lbssons to Homer. 

A. Xbnophon's Memorabilia. Book I. 
6. Herodotus's Histories. Selections. 

ITALIAN. 

Stories from Italian Writers, Alfiebi, Barbtti, 
Castiolione, &c. 

FRENCH. 
SiSMONUX ; the BATTLBS of CrESSY and PoiCTTERa. 

GERMAN. 
Btobies from German Writebs. 



The Connexion of the several Parts, as well as the 
general Principle and Authority of the whole Series, Is 
exhibited at large in 

An Essay, explanatory of the System. ISmo, 2$. 6d. 

AUOt to accompany the Latin and Greek Series, 

The London Latin Grammar. 12mo • S«. fid. 
The London Greek Grammar. l2mo . , , 3i.6d. 
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WORKS PRINTED FOR TAYLOR AND WALTON. 



EDUCATIONAL MODELS, 

FOR THE USE OP SCHOOLS, MECHANICS' INSTITUTIONS, AND FOR 

PRIVATE INSTRUCTION. 



A DOUBLE INCLINED PLANE, 

With an Application of the Composition and Resolu- 
tion of Forces. In a box, 10#. 

*«* The above is accompanied by printed direoUoos 
and instructions for a few experiments. 

A MACHINE 

For iLLUSTRATnro CBNTfUFuoAii Monoir; including a 
representation of the Governor of a Bteam Rnginn. In 
a box* lOr. 

A HUNTER'S SCREW; 

Consisting of the combination of Two Screws, one of 
which works within the other. lOv. 



PRACTICAL DEMONSTRATION 

(By means of pieces of card-board) of the 47th Proposi- 
tion of the 1st Book of Euclid. Bs. 

A PAIR OF LARGE DIVIDERS, 

For making Diagrams on a blaok board, used by Teachers 
in Geometrical Classes, fir. 

A RELIEF MAP, 

In Papier MAoh^, for illustrating Geographical Terms. 
Price 10#. &!. in a box. 

A PYROMETER 

Foa SHOWXNO THB EXPANSION OF MXTUiS. PHCC Ifif. 

ATTWOOD'S MACHINE 

Foa xxFXiAiNiNO THX LAWS or Faluno Bodiss ; with 
Apparatus attached for illustrating the Theory of the 
Pendulum. Price of Attwood's Machine with a ** Com- 
panion," 2^ 2s. i additional Apparatus for the Pendu- 
lum, II. Is. 

*:ie* An opportunity is now afforded to teachers of 
Natural Philosophy in Schools, of introducing the above 
useful and interesting apparatus, which has been 
hitherto, on account of its price, confined to large in- 
stitutions. The Apparatus ¥rill be found sufficiently 
large and correct for the purposes of instruction—- it is 
nearly 6 feet high. The little work which accompanies 
it, contains the information necessary for the use of the 
machine, and directions for making a few exjMriments. 

SETS OF MECHANICAL 
POWERS; 

Containing, Thb Lstbiu-Whbsl and Axzjb— A Sbriss 
or Pulleys— Thm Inclined Plane— Wedge— Screw : 
—WITH Examples of the ParAj^lelogram or Forces — 
Centre or Gravity— Friction — Collision or Elastic 
Bodies— Compound Lever. 

iff #. d. 

1. For large Lecture-rooms, (size of the frame ; 

height, 3 feet 1 inch; width, 3 feet) 8 8 

2. For Schools and smaller Lecture-rooms, 

(height of the frame, 2 feet 6 inches; 
width, 2 feet 3 inches) . . .550 

3. A Smaller set, omitting the Parallelogram 

of Forces and Collision of Elastic Bodies, 
(height of the frame, 2 feet 1 inch ; width, 
1 feet 1 li inches) . . . . 2 13 6 

4. A Commoner Set, (height of the frame, 

2 feet; width, 19 inches) . . .16 3 



BENT LEVER PRESS. 

Price 10#. 

PHILOSOPHICAL DIAGRAMS. 

By Frederick L Minasi, Lecturer on Natural Fhflo- 
sophy, &c. For the use of Lecturers, Philosophical 
Classes andSchools. 1st Series— Mechanics. In Monthly 
Numbers, each containing Three Sheets of Diagrams, 
price 3s. each Niunber.— Numbers 1, 2, and 3, are just 
published. 

SMALL SET OF PNEUMATIC 
APPARATUS. 

In a Box, 32. 3s. 

HYDROSTATIC BELLOWS. 

Price i;. If. 

DRAWING MODELS, 

Consisting of Forms for constructing various Buildings, 
Gateways, Castles, Bridges, &c The Buildings will be 
found sufficientiy l^ige to be drawn from by a numeroua 
class at the same time. In a box, with a small Treatise 
on Drawing and Perspective. Price 2/. 10s. Length of 
the Box, 18i inches; breadth, 13 inches; height, 8^ 
inches. 

GEOMETRICAL SOLIDS, 

To illustrate, Reiner's Lessons on Form, and other 
Works <m Geometry. The Set, in a box, 9s. 

AN INSTRUMENT 
FOR TEACHING GEOMETRY, 

Convertible into a Theodolite, Spirit Level, Hadley'a 
Sextant, and Wollaston's Goniometer. Price 2^. 12«. fid. 

DIAGRAMS IN WOOD, 

To illustrate Dr. Lardner's Euclid. Solid Geometry, 
BookL The Set of Nine, in a box. Price 7#>6<l. 

ARCHITECTURAL SOLIDS, 

With which many hundred Designs may be built. 
Price Bs. the box. 

I%e foUowii^ Work is intended to aceompanp the 
Mechanical Apparatus. 

NATURAL PHILOSOPHY FOR 
BEGINNERS ; 

Familiar Dlustrations of the Laws of Motion and Me- 
chanics. Fcap. 8vo, 3s. 6d. 



Several other Articles are in preparaiUm, awmng 
which are the /Mowing >^ 

A SET OF APPARATUS FOR HYDRO- 
STATICS, Hydraulics, and PNEUNATica. 

A SECTIONAL MODEL, showing the High and 
Low Pressure Steam Engine. 

APPARATUS FOR COHESION, CAPILLAR V 
Attraction, Kjuectric and Maonxtic Atthac- 

TioN, Impenetrability and Inertia. 

A TRAIN OP SPUR WHEELS. 



BRADUURY AND EVANS, PRINTERS, WHITKFBIABS. 
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